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Special Features of the Motion of Satellites 
By 

S.O. Aleksandrov, R. Ye Federov 

As a satellite moves about an elliptio orbit (Fig. 5) its height over 
the earth’a surfaoe h varies. In a particular oase, when the height of the 
apogee and perigee are identical, the orbit is circular and the height of the 
satellite over the earth's surfaoe is at all times oonstant (Fig. 6). The 
degree that the orbit is drawn out oan be characterised by its eooentrioity. 
The eooentrioity, the semimajor axis of the orbit, the perigeal and apogeal 
distances are interrelated by relations (1.20) and (1,23), 

It follows from these relations that the semimajor axis is equal to the 
average distance of the satellite from the center of the earthi 
a - R + h p * h a 

2 (1.32) 

and the eooentrioity of the orbit depends on the difference of heights of 
the apogee and perigees 

e - h »- ~ ^ (1.33) 

2a 

Sinoe the semimajor axis of the elliptio oxtoit is equal to the average dis¬ 
tance of the satellite from the earth's oenter, the oiroling time of the 
satellite around the earth depends, in aooordanoe with formula (l.3l), on 
the average height of its flight (Table 6), 
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We see from the data in Table 6 that at an average flight altitude of 
several hundred of kilometers, the satellite oiroling time is about 1.5 br, 
at a height of 1690 km it is 2 hr, and at a height of 35*800 km the oiroling 
time equals a sideral day (the rotation time of the earth around its axis). 



Pig. 5. Orbit of satellite 
R - earth's radius; h » height 
of satellite over the earth's 
surfaoe; P - point of perigee; 

A » point of apogee; 0 - earth's 
oenter 



Fig. 6. ELliptio and oiroular 
orbits of satellite 


A satellite launohed in an eastward direction and put into a oiroular 
orbit lying in the equatorial plane at a height of 35*800 km would at all 
times be over one and the same point on the earth's surfaoe. 

As a satellite moves about a oiroular orbit its velooity is oonstant 
and equal to the oiroular velooity at the flight altitude of the satellite, 

The values of the oiroular orbit for different heights ai*e given in 
Table 7. 

The oiroular velooity near the earth's surfaoe is about 7900 m/seo. 
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With an increase in the height the oiroular velocity decreases. It is about 
3070 m/sec for a height of 35*200 km (an orbit with a period of about 24 hr) 


TABLE 6 

Circling Time of Satellite 

Average flight Ciroling time, Average flight Ciroling time 

altitude, km hr. altitude, km hr. 


0 

1,41 

1690 

2,00 

250 

1,49 

2000 

2,12 

500 

1,58 

5000 

3,35 

750 

1,66 

10000 

5,78 

1000 

1,75 

35800 

23,935 

1500 

1,93 



As a satellite move about an elliptic orbit, its velocity changes 
periodically, reaohing a maximum value at the perigee and a minimum value 
at the apogee of the orbit. The velooity of the satellite at the perigee 
exceeds the oiroular velooity at the perigeal height, and the velooity at 
the apogee is less than the oiroular velooity at the apogeal height. 


TABLE 7 


Height, km 

Circular vel¬ 
ocity. m/seo 

Height, km 

Cireular vel¬ 
ooity. m/seo 

0 

7909 

1690 

7032 

250 

7759 

2000 

6901 

500 

7617 

5000 

5921 

750 

7482 

10000 

4935 

1000 

7354 

35800 

3072 

1500 

7116 



Table 

8 shows the values of the velooity of the satellite 1 

s motion at 

the perigee 

and apogee for orbits with different perigeal and apogeal heights, 
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TABLE 8 

Values of the Satellite's Velooity at the Perigee 
and Apogee of Orbit 



The orientation of orbit in space and its position with respeot to the 
earth's system of coordinates are usually determined by the value of the 
inolination of the orbit and the value of the right asoension of the asoend- 
ing node. The inolination of the orbit i. is the angle between the orbital 
plane and the plane of the earth's equator. The asoending node of the orbit 
is the point of the orbit at which the satellite intersects the plane of the 
earth's equator passing from the Southern hemisphere to the Northern. Cor¬ 
respondingly, •the opposite point on the orbit is called the desoending node, 
and the line oonneoting these points is the line of nodes. The angle between 
the lines of the nodes and the direotion to the point of the vernal equinox 
is called the right asoension jfL, 

Along with an indication of the orientation of the plane of the orbit 
in spaoe, it is neoessary to indloate the orientation of the orbit itself in 
this plane and the position of the satellite in orbit at a given instant of 
time. For this purpose the angular distance of the perigee from the asoend¬ 
ing node CO (the angle between the line of nodes and the line of apsides) and 
the time of passage of the satellite through the oxblt's asoending node t Q 
are usually used. 

Therefore the motion of a satellite about an oxtoit oan be oharaoteriaed 
by six elementst the inolination of the orbit the right asoension of the 
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ascending node the semimajor axis of the orbit a, its eooentrioity 9j 
the argument of the perigee CO and the passage time of a satellite through 
the asoending node t Q (Pig. 7). 

As a satellite moves in a oentral gravitational field and in the absenoe 
of atmospherio drag, the first five orbital elements remain oonstant, and the 
periodio motion of the satellite in orbit oan oontinue for an indefinitely 
great interval of time. 


Fig. 7, Orbital elements of a satellite. 

_i ie inclination}cTL is the right asoension of the asoending node} 

7 is the orbit's perigee} P 1 is the projeotion of the perigee on 
the earth's surfaoe} A is the orbit's apogeej Al is the projeotion 
of the apogee on the earth's surfaoe} B is the asoending node of 
the orbit} Bl is the projeotion of the asoending node on the earth's 
surfaoe} H is the descending node of the orbit} H 1 is the projeotion 
of the desoending node on the earth's surfaoe} BP is the position of 
the point of the vernal equinox on the equator. 



However, in aotuality the motion of an earth satellite is influenoed 
by a number of additional faotors. These includei atmospherio drag, the 
dlfferenoe of the earth's gravitational field and a oentral, fields of solar 
and lunar gravitation. 

The effeot of these faotors over limited time intervals is small and 
thus oan be oonsiderei as perturbations of the baslo, Keplerian motion of 
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the satellite described above. 

The true motion of a satellite can be represented as its motion about 
a Keplerian orbit whose basio elements are continuously varying, being a 
function of time. The ourrent values of the orbital elements in this oase 
are oalled the oooulting elements. 



Fig. 8. Change in shape of a satellite's orbit with time due to 
atmospherio drag. P is the initial position of the orbit's perigee) 

A is the initial position of the orbit's apogee. 

For satellites moving within the upper layers of the atmosphere, its 
resistanoe gradually changes the velocity of the satellite's motion and 
oauses oontinuous (seoular) ohanges in the shape of its orbit. The satellite 
is most strongly deoelerated during the time of perigee passage. As a result 
of the satellite's deceleration its kinetio energy is diminished and the 
apogeal and perigeal distanoes are shortened. In addition, a deorease in the 
apogeal distanoe and height of the apogee takes plaoe considerably more 
rapidly than a deorease in the perigeal distanoe and height of ths perigee. 
The eooentrioity is continuously reduoed and the orbit itself tends to cir- 
oular (Fig. 8). Deceleration of the satellite upon shortening of its orbit 
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progressively increases. In the end, satellite, gradually descending, enters 
the dense layer of the atmosphere where it is destroyed and burns owing to 
intense heating. After descending to an orbital height of 150 km the satel¬ 
lite completes no more than 1-2 orbits. The time of the satellite's motion 
from the instant of its going into orbit to its complete deceleration in the 
dense layers of the atmosphere is oalled its life time. 

The degree of deceleration of the satellite, all other oonditions being 
equal, depends on its aerodynamio oharaoteristios—the drag coefficient and 
the ratio of weight to area of the middle (oross seotion), the so-oalled 
lateral load. 

It is possible to establish a universal relationship between the rate 
of change of the height of the apogee and perigee of the orbit. This relat¬ 
ionship is determined only by the orbital parameters and the distribution of 
the atmospheric density with height and does not depend on the weight and 
aerodynamio oharaoteristios of the satellite. This result permits the oom- 
pilation of simple tables for determining the life time of a satellite in 
orbit. 

The life time for a satellite weighing 100 kg and having a diameter of 
1 m versus the initial values of the perigeal and apogeal height of an 
elliptic orbit is given in Table 9, In Table 10 are the data on the life 
time of a similar satellite in a circular orbit. 

The data in these Tables are based on the results of a theoretical in¬ 
vest igation.* 

TABLE 9 

Life Time of a Satellite (in days) in Elliptic Orbits 


Height of_ Height of apoge e, Is, 


perigee, km 

IN 

700 

ION 

im | 

i IM 

200 

9 

13 

37 

so 

82 

. 230 

25 

52 

102 

165 

237 

200 

53 

115 

235 

370 

536 

300 

t!4 

200 

545 

890 

1280 

400 

410 

1120 

2630 

4450 

6600 


* See Uspekhi Fisioheskikh Nauk, Vol. LXIII, No. la, p. 33, 1957 
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TABLE 10 


Life Time of Satellite 

s in Ciroular Orbits 

Height of circular 

Lift time. 

orbit 


200 

0,4 

250 

4 

300 

20 

350 

65 

400 

160 

500 

1010 


It is apparent from the data of the Tables that for the satellite under 
consideration the life time at an initial perigeal height of 230 km is about 
50 days. An inorease in the apogeal height by 300 km (to 1000 km) leads to 
a doubling of the life time. About the same inorease in the life time is 
obtained upon an inorease in the height of the perigee by only 25 km (to 225 
km). Por circular orbits an inorease in height from 300 to 400 km inoreases 
the life by about eight times, and to 500 km, another six times. 

Por satellites having different values of the drag ooeffioient and load 
factor on the middle, the life time, all other things being equal, is directly 
proportional to the value of the lateral load and inversely proportional to 
the drag ooeffioient. Thus for a satellite having a diameter of 2 m and a 
weight of 1000 kg, the life will inorease by a factor of 2,5 in oomparison 
with the data oited in Tables 9 and 10. 

Henoe is becomes evident that the dependence of the life of the satel¬ 
lite on the height of the orbit is very strong. At a satellite flight 
altitude of the order of several thousands of kilometers, its motion takes 
plaoe beyond the limits of the upper layers of the atmosphere. Suoh a satel¬ 
lite oan for all praotioal purposes be considered a permanent satellite of 
the earth. 

The flattening of the earth at the poles and the defleotion of the 
gravitational field from the oentral whioh is associated with this also causes 
perturbations of the orbit, whioh oan be divided into peridio and seoular. 
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The periodic perturbations of an orbit due to the non-oentrality of the field 
are comparatively small and reduoe to a defleotion of the aotual coordinates 
of the satellite from the coordinates corresponding to the motion about an 


ellipse, some tens of kilometers. The seoular perturbations, always noting 
towards one and the same side, lead to substantial ohanges in the orbital 
elements with time. 



The main seoular perturbation of a satellite's orbit due to the non- 
oentrallty of the earth's field of gravity is the preoession of the orbit, 
the uniform rotation of its plane in absolute spaoe relative to the earth's 
axis. 

The preoessional velooity (the magnitude of one revolution of the satel¬ 
lite about its orbit) is determined by the formula* 

where Rp - the earth's equatorial radius, 

4 - is the earth's flattening, 

A - the angular velooity of the earth's diurnal rotation, 
g 0 - the aooeleration of the earth's attraotion foroe at the equator. 


(1.34) 
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p - the parameter cf an elliptio orbit, 
i - the inclination of the orbit, 

N - the ordinal number of the satellite's revolution around the earth. 

As follows from the formula, the preoessional velooity substantially 
depends on the orbit's inolineation. 

At am inolinoation of 65* and heights corresponding to the heights of 
the orbit of the first Soviet satellite, the preoession of the orbit is 
about l/4* per revolution of the satellite (Fig. 9). At an inclination of 
the orbit equal to 90 * (polar orbit), the preoessional velooity is aero. 

Another secular perturbation due to the non-oentrality of the field 
of gravitation is the rotation of the major axis in the plane of the orbit— 
a change in the angular distanoe of the perigee from the ascending node GO, 
There is also a shift of the perigeal region (and correspondingly, of the 
apogeal) from some geographic latitudes to others. 

The rate of turn of the major axis of an elliptio orbit is characterised 
by a ohange in the angular distanoe of the perigee from the ascending node 
during one revolution of the satellite about the orbiti 

. 139 “ ~ 2 y' ( g - jj 2 -)(5 ~' (1.35) 

As we see from the formula, when . 

In aooordanoe with formulas (l.34) and (1.35) the velocity of the pre¬ 
oession of an orbit and the rate of drift of the perigee are inversely pro¬ 
portional to the square of the orbit's parameter £, Consequently, for 
satellites moving at considerable distanoe from the earth (of the order of 
several tens of thousands of kilometers),the preoession of the orbit and 
the drift of the perigee due to the non-oentraility of the earth's field of 
gravitation will be insignifioant. 
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Therefore the flattening of the earth does not oause seoular variations 
in the shape of the orbit. The seoular perturbations of an orbit due to com¬ 
pression of the earth are demonstrated in the ohange of its orientation in 
absolute space, Atmospherio drag, oonversely, has virtually no effeot on the 
orbit's orientation, but does oause significant seoular variations of its shape. 

The effeot of the solar and lunar fields of gravitation on motion of a 

satellite olose to the earth is small. However, with an increase in the height 

of the orbit it inoreases substantially. For an orbit with an apogeal height 

of the order of many tens or several hundreds of thousands of kilometers, the 

perturbing effeot of the sun and moon oan cause noticeable ohanges in the para¬ 
meters and, first of all, the perigeal height. Depending on the disposition of 
the orbit relative to the sun, the height of the perigee oan either deorease or 
increase. A deorease of the perigeal height leads, in the final light, to the 
satellite entering the dense layers of the atmosphere, where it is destroyed. 

As a result of this the life of the artifioial earth satellite moving about the 
orbit with apogeal height oan prove to be quite limited. 



Fig* 10, Variation of satellite's orbit under the effeot of the moon's gravit¬ 
ational field. 
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Thus the Soviet automatio interplanetary station after approaohing the 
moon moved along an orbit with a perigeal height of about 40,000 km and an 
apogeal height of about 480,000 km. There is no atmospherlo drag at suoh 
heights. Nevertheless the perturbing influenoe of solar attraotion caused 
suoh a rapid shortening of the perigeal dlstanoe that the duration that the 
station moved in orbit before it entered the dense layers of the atmosphere 
was only a half year. 

As another example, we will oite the results of the ealoulation of an 
earth satellite's motion about an orbit with an apogeal height of about 
260,000 km (Fig, 10), Already during the first five orbital revolutions of 
the satellite its variation under the effeot of perturbation by the moon's 
attraotion is noticeable. 

The motion of the satellite with respect to the earth is the result of 
the aggregate of its orbital motion, the diurnal rotation of the earth, and 
the preoession of the orbits's plane. 

Let us oonsider the motion of a satellite starting from a oertain point 
of the orbit. During the time of one revolution of the satellite about the 
orbit, i.e., to the instant of its arrival at the starting geographio latitude 
the earth turns to a oertain angle depending on the oiroling time of the 
satellite. At the same time the plane of the oxbit turns a small angle due 
to it8 preoession. As a result, at the start of the next loop the satellite 
is over a point of the earth's surfaoe located west of the starting point. 

The projection of the motion of a satellite on the earth's surfaoe is 
oalled the route. It is easy to show that the route of the satellite on the 
earth’s surfaoe passes within the limits of two parallels symmetrioal with 
respeot to the equator. These parallels oorrespond to the values of the 
northern and southern latitudes equal in value to the inclination of the orbit 
Saving touohed one of these parallels, the route drifts toward the equator. 
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intersects it, then approaches the other parallel, touohes it, again interseots 
the equator, and again approaches the first parallel. 

Further, the oourse of the route is periodically repeated, and eaoh of 
its seotions corresponding to the next revolution of the satellite about the 
orbit is logitudinally shifted with respeot to the preceding. The angle of 
intersection of the route with the equator somewhat differs from the angle of 
inclination of tho orbit's plane, which is explained by the earth's rotation. 

The route of the satellite during a 24-hour period with a time of revolu¬ 
tion of about 1.6 hr is shown in Fig. 11. 

The region of geographic latitudes, within the limits of which the route 
of the satellite passes, as was indioated above, depends on the orbit's in¬ 
clination. The limiting oases with respeot to the magnitude of the inclina¬ 
tion of the orbit's plane aret a polar orbit passing through the North and 
South Poles and an equatorial orbit lying in the plane of the equator (Fig.12). 

Artificial satellites of the moon and other planets can be oreated along 
with artificial earth satellites. The characteristics of the motion of such 
satellites in oiroular orbits (the circling time and the oiroular velocity) 
relative to the height of the orbit over the surface of the planet are shown 
in Table 11. 



Fig. 12, Polar and equatorial orbits. 
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At small heights the eiroling time of artificial satellites of other 
planets and the moon are greater than that of artificial earth satellites. 
This is explained by the faot that the density of other planets is less than 
the earth's density. The oiroling time of a satellite moving near the sur¬ 
face of a eelestiarbody depends exclusively on the average density of this 
body— it is inversely proportional to the square of density. 


TABLE 11 

Characteristics of the Motion of 
Artifioial Satellites of Planets and the Moon 



6iroling time 

f Cireular velooity 


hr 

km/seo 

Planet 

Orbital heigl 



WM&m ■■K'lOM ■ 1 



Meroury 

1,48 

2,46 

7,70 

2,94 

2,48 

1,70 

Venus 

1,49 

1,88 

3,63 

7,24 

6,70 

5,38 

Earth 

1,41 

1,75 

3,35 

7,91 

7,35 

5,92 

Moon 

1,82 

3,60 

13,90 

1,68 

1,34 

0,85 

Mar« 

1,61 

2,38 

6,38 

3,60 

3,15 

2,27 

Jupiter 

2,86 

2,92 

3,18 

42,60 

42,30 

41,10 

Saturn 

3,92 

4,01 

4,43 

25,65 

25,45 

24,60 

Uranus 

2,95 

3,13 

3,85 

15,10 

14,80 

13,80 

Neptune 

2,63 

2,80 

3,46 

16,55 

16,20 

15,10 


Knowledge of the laws of motion of artifioial satellites permits us to 
solve the problem oonoerning the study of the density of the upper atmospherio 
layers, and also the gravitational field of the earth by observing the varia¬ 
tions in the orbit of satellites. Since there is a direot relation between 
the variation of a satellite's orbit and the density of the atmosphere, an 
analysis of the motion of artifioial satellites oan yield extremely valuable 
information on the actual values of the atmosphere's density at great heights. 
Aooording to the presently available data, the density distribution of the 
atmosphere at great heights strongly depends on the geographio latitudes, time 
of day, and season of the year. Therefore, extremely important for studying 
the distribution of density is the Joint treatment of the results of observing 
satellites launohed at different seasons of the year and having different 
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Inclinations of the plane of the orbit and perigeal heights. 

In addition to the data on the density of the atmosphere, we oan obtain 
from an analysis of the motion of artificial satellites, aoourate values of 
the field strength of the earth's gravitation, and also the extent of the 
earth's compression and magnitude of its semimajor axis. With a suffioiently 
high accuraoy of measuring the satellite's coordinates and with a determined 
lay-out of the measuring points, we oan also obtain more detailed information 
on the earth's field of gravitation and, in particular, determine the intensity 
of the anomalies of the gravitational foroes at different points on the earth's 
surface, 

Besides studying the motion of the oenter of gravity of an artificial 
satellite, the study of its motion relative to the center of gravity is of 
considerable interest. 

A non-orientated satellite having a longitudinal axis of symmetry, under 
the effect of perturbations taking plaoe during its separation from a rocket 
carrier starts to perform a preoessional motion, rotating relative to its 
own longitudinal axis, which in turn rotates around the preoessional axis, 
thus forming with it a certain angle. 

In the absence of atmospheric effects and other disturbing factors on 
the orbit, the position of the axis of precession in space remains oonstant 
relative to the stars. 

However, for artificial earth satellites the position of the preoessional 
axis in spaoe in most oases slowly ohanges under the effeot of aerodynamic 
foroes and the earth's gravitational field. Furthermore, under the influenoe 
of electromagnetic forces the rotational velocity of the satellite gradually 
deoreases. By oarrylng out measurements of the satellite's position at in¬ 
dividual instants of time and by processing the results of these measurements 
with oonsideration of the equations of motion of the satellite, we oan obtain 
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a oomplete picture of its motion relative to the oenter of gravity. 

In oonolusion we must note that knowledge of the ourrent orientation of 
a satellite is extremely important from the point of view of setting up many 
soientifio experiments. When analyzing the motion of a satellite in orbit 
it is frequently neoessary to know its orientation also sinoe with an elongated 
shape of the satellite the ooeffioient of aerodynamio drag substantially de¬ 
pends on its orientation relative to the velooity veotor. 
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Peculiarities of motion of spaoe vehioles in the solar system 
Plights to the Moon, Mars and Venus 
Man-made planets 

As shown above, when analyzing the motion of a spaoe vehiole it was found 
to be possible in the first approximation to take into aooount the attraction 
of only that heavenly body in whose sphere of influenoe the spaoe vehiole is 
looated, Under these oonditions the motion of a spaoe vehiole within the 
sphere of influenoe of each heavenly body (to be examined in a coordinate 
system oonnected with this body) takes plaoe aooording to one of the oonio 
sections-—ellipse, parabola or hyperbola—and is Kepler motion. 

When a spaoe vehiole reaches the boundary of the sphere of influenoe, the 
parameters of its motion must be recalculated in a new ooordinate system of 
the heavenly body in whose sphere of influenoe further motion of the space 
vehiole is to take plaoe. 

This approximate method of studying the motion of spaoe vehioles with re- 
speot to the individual oharaoteristic phases, in spite of its simplicity, 
allows the most important laws of flight of spaoe vehioles to be established 
with suffioient aoouraoy in many oases and also allows the fundamental ohara- 
oteristios of their trajectories to be determined. These oases are, in 
partioular, flights to the Moon and other planets using ohemioal-fuel rookets. 

Starting from these premises, let us examine the problem of flight to the 
Moon. 

The Moon, a natural satellite of the Earth, moves about it in a near- 
oircular orbit. The length of one orbit of the Moon about the Earth is 
about 27.3 days. Its distanoe from the Earth is on the average 384,400 km. 

The velooity of the Moon in orbit is about 1 km/seo. Moving at this velocity, 
the Moon desoribes in the oourse of one day an aro of about 13* about the 
oelestial sphere. The plane of the orbit of the Moon is at the present time 
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inelined at an angle of about 18 s to the equatorial plane of the Earth, 
Three fundamental types of flights to the moon may be represented! 


a) the landing of a spaoe vehicle on the Moon) 

b) a flight around the Uoon and returning to Earth) 

o) a flight dose to the Moon with the subsequent ejeotion of spaoe 
apparatus beyond the sphere of influenoe of the Earth, converting it into a 
satellite of the Sun—an artifioial planet. 

Eaoh of the types of flights is of individual interest, permitting the 
solution of a definite range of soientifio problems 

Investigation of the problem of the minimum velocity necessary to reaoh 
the Moon indioates that in order to bring a spaoe vehiole olose to the Moon 
in the first orbit, it Is neoessary to assign it & velooity greater than or 
equal to Vq^^, whioh is a Emotion of the altitude at the end of th* ejection 
phase. At an atlitude of about 200 km, - V par —95 m/seo (here V par is 

the parabolio velooity at the given altitude). The orbit of a spaoe vehiole 
at V 0 “ V 0min is an elli P 8e dth a P°&e equal to the distanoe from the Earth to 
the Moon's orbit. 

A flight to the Moon in this way oan be accomplished with various initial 
velooities) the lower the initial velooity the higher the parabolio velooity. 
Consequently, the trajeetory of the spaoe vehiole before entry into the Moon’s 
sphere of influenoe may be elliptioal, parabolio or hyperbolio. 

After the spaoe vehiole reaohes the boundary of the sphere of influenoe of 
the Moon, its parameters of motion must be, in aooordanoe with the approximate 
method, reoaloulated in the ooordinate system oonneoted with the oenter of 
the Moon-in the so-called selenooentric system of coordinates. For this the 
velooity veotor V* of the spaoe vehicle must be added to the veotor which is 
the inverse of the velooity veotor of the oenter of the Moon in the geooentrio 
ooordinate system (Fig, 13). The beginning of motion of the spaoe vehiole 
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in the selenooentrio system corresponds to the point of entry into the sphere 
of influenoe of the Moon B, 

It o&n he shown that the trajeotory of a space vehicle within the sphere 
of influenoe of the Moon in the selenooentrio coordinate system is always 
hyperbolio. This is explained hy the faot that at any flight trajeotory from 
the Barth to the boundary of the Moon's sphere of influenoe, the selenooentrio 
velooity of the spaoe vehiole at the boundary of the sphere of influenoe will 
exoeed the parabolio velooity relative to the Moon (0.383 km/aeo) by at least 
a factor of two. Owing to this, any approach trajeotory, passing by the 
Moon, must go beyond its sphere of influenoe 1 , 

Prom this comes the statement on the impossibility of the capture of a 
spaoe vehiole by the Moon's gravitational field. In order to transform a 
spaoe vehiole into an artifioial satellite of the Moon, it must be given an 
additional velooity suoh that its velooity in the solenooentrio system will 
be lower than the parabolio velooity. For this the spaoe vehicle must be 
equipped with rocket motors to be switohed on when entering the Moon's sphere 
of influenoe. 

Flight to the Moon is most favorable when the plane of the trajeotory of 
the spaoe vehiole ooinoides with the plane of the lunar orbit. This oan be 
realised by launching the rookets from the equatorial regions. In other oases, 
when the rooket is launohed from the middle or polar latitudes, and, in 
partioular, when launohed from the USSR, the plane of its trajeotory oannot 
ooinoide with the plane of the Moon's orbit. Flights to the Moon under these 
oondltions are a more diffioult problem and necessitate higher demands of power 
and aoouraoy of the oontrol system of the spaoe vehiole. 

1 When using the approximate method the parameters of motion of the spaoe ve¬ 
hicle at the point of departure from the Moon's sphere of influenoe must be 
again reoaloulated, in the geooentrio coordinate system. 
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Pig. 13. Diagram of flight trajeotory to the Moon lying in the Moon'a 
orbital plane. 

L^— position of Moon at the time of launohlngj Lg—-position 
of Moon when the space vehiole reaches the boundary of the Moon's 
sphere of influenoej B—point of entry of trajeotory in the 
Moon's sphere of influenoej V 1 —velooity of Moon in orbitj 
V*—velooity of spaoe vehiole at point B in geooentrio coordi¬ 
nates j —position of Moon at moment of approaoh from spaoe 

vehiole. 


Let us examine this problem in more detail. Let the rooket be launohed 
from the Northern hemisphere of the Earth and the point A, corresponding to 
the end of the ejeotion phase, be looated at latitude^j/ g, and the Moon at 
point L at the moment of impaet (Fig. 14). 

The orbit of the spaoe vehiole, passing through points A and L, lies in the 
plane AOL, where 0 is the center of the Barth. The angle between the bearings 
OA and OL is oalled the range angle $ . Its magnitude is a funotion of the 
position of point A, which moves parallel to the rotation of the Barth, and 
also of the poisition of the Moon in its orbit at the moment of impaot. 

The largest value of the angle $ is then the Moon's deollnation is olose 
to -18* at the moment of impaot (the Moon is below the equatorial plane), and 
the rooket is launohed at the moment when the Moon is olose to the lower 
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Fig. 14. Diagram of the flight trajectory to the Moon of a rocket launched 


from the Northern hemisphere of the Earth. 

A— launching point; Vq— velocity at the end of the 
L—position of the toon at the moment of impact j$• 



Fie. 15» Trajectory of flight to the toon. 

a—at minimum declination of the Moon at moment of 
b—at maximum ueclinrtion of the Moon at moment of 
(the orbital plane rf the sp; Co vehicle coincides 


ejection phase| 
—range angle. 


impact | 
impact. 

• ith the Earth's 


elimination point (relative to the launohing point). Consequently, the lowest 
value of $ is when the Moon's deolination is olose to +18*. This may be il¬ 
lustrated most graphically when the orbital plane of the spaoe vehiole ooin- 
oides with the axis of the Earth, i.e., when the inclination of the orbit 
equals 90°. The maximum value of ^ in this oase is §> + 180° + 18* -\jjg 
(Fig, 15a), and the minimum is $ » 180* - 18 8 -Tj>g (Pig. 15b). 

How let us examine how the magnitude of the angle C^affeots flight condi¬ 
tions to the Moon. Prom the above formulas of motion of a spaoe vehiole in 
the oentral gravitational field, it follows that its parameters of motion at 
the end of the ejection phase and at the point of impaot must be uniquely 
oonneoted with the funotion 


■C’Sr ?-•**) 


(1.36) 


where V Q and V par are the velooity of the spaoe vehiole and the parabolio 
velocity at the end of the ejeotion phase respectively} tq and r L the distanoes 
from the oenter of the Earth to the end of the ejeotion phase and to the Moon's 
orbit) and is the angle of inclination of the velooity vector to the 
horison at the end of the ejeotion phase, 

Sinoe the ratio r Q is small and for all practical purposes oonstant, at 
any given value of *** the angleT^is a funotion only of $ . Pig. 16 

shows the funotion - f(§) at various values of V 0 and hp - 200 km. 

As is apparent from the graph, for all values of Vq the magnitude o 
deoreases substantially with an inorease in $ . 
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Fig. 16. The dependence of the angle of inclination of the velooity 
veotor-^upon the range angle $ . 

1“at Vq - V par -50 m/seoj 2—V 0 - V par | 3—V 0 - V par 
3—V Q - V pap + 100 n/aeof 4—V 0 - V par + 200 m/seo. 

The deoreaBe ini/ 0 , i.e., transition tc more sloping ejeotion trejectories, 
entails a lowering of losses in overcoming the gravitational foroesj g sin 

iJkdt and permits increasing the pay load of the rooket. 0 

From this it follows that when launohing the spaoe vehiole from the middle 
latitudes of the Northern hemisphere, from the point of view of power, it is 
more advantageous to launch the rooketf when the Moon is near its orbital 
point of minimum deolination, In this oaae it is possible to put the maximum 
payload into orbit. When launohing a rooket at an earlier or later date, the 
maximum possible payload is decreased. However, when the launohing date 
deviates from the optimum date by several days, the decrease in payload is 
comparatively small. In praotioe, in the course of eaoh lunar month there 
are intervals of time of about a week in which flight oonditions to the Moon 
are favorable. When the dates greatly deviate from the optimum, considerably 
lover payloads are possible. 
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Fig. 17. Duration of flight of spaoe vehiole to the Moon (h Q - 200 km). 

The duration of a flight to the moon is determined by the rooket's velocity 
relative to the parabolio velooity (Fig. 17). At minimum initial velooity 
(V Q ■ V min ) the flight duration is slightly over four days, at V Q - V par it 
is about two days, and at a velooity exceeding the parabolio velooity by 
^00 m/seo, it is about one day. 

When making flights to the Moon, it is in most oases necessary to observe 
the spaoe vehiole and to reoeive telemetrlo information while the vehiole is 
approaching the Moon and at the moment of impaet. For this it is necessary 
that the Moon during this period be located in relation to observation points 
near the upper oulmination point. At the same time, as shown above, consider¬ 
ing power it is advantageous to launch the rocket when the Moon is looated 
near the loser oulmination point relative to the launohing point. It is 
obvious that both of these oonditions can be fulfilled only if the flight 
duration is a multiple of one half day, i.e., one half day, one and one half 
days, two and one half days, eto. The most advantageous is a flight of about 
one and one half days, for whioh the velooity of the spaoe vehiole at the end 
of the ejeotion phase must somewhat exoeed the parabolio velooity (by approxi¬ 
mately 130 m/seo). A flight with a duration of about one half day requires 
considerably exceeding of the velooity at the end of the ejeotion phase over 
the parabolio velooity, while flights of two and one half or more days require 
more aoourate ejeotion of the vehicle into oxblt for striking the Moon. 
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Tort flights around the Moon with return to Earth, the velocity of the 
spaoe vehiole at the end of the ejeotion phase must be less than the parabolio 
velooity. Depending upon the degree of nearness to the Moon, two basio types 
of flights may be distinguished—far and near flights around the Moon. 

In a far flight around the Moon, when the minimum distanoe from the spaoe 
vehiole to the Moon is 40,000 km or more, the effeot of the Moon's gravitat¬ 
ional field upon the spaoe vehiole's motion is not great, and its orbit in 
the geooentrio system will be close to elliptioal. If the rooket is launohed 
from the middle latitudes, the angle of inclination of the velooity vector 
at the end of the ejeotion phase will be substantially different from aero and, 
therefore, the elliptioal orbit will intersect the Earth's surface. As a re¬ 
sult, the spaoe vehiole will at the end of the first orbit pass through the 
dense layers of the atmosphere and be destroyed. 

Of special interest is the so-oalled near flight around the Moon, when 
the minimum distanoe of the spaoe vehiole from the Moon is about 5 to 10 
thousand km. In this case it is possible, using the gravitational foroe of 
the Moon, to ohange the nature of the orbit of a spaoe vehiole in the period 
of its first approaoh to the Moon in such a way as to obtain a new orbit, 
corresponding to the new requirements. In partioular, this ohange in orbit 
can be ensured so that the spaoe vehiole will be transformed into an arti¬ 
ficial Earth satellite, moving in an orbit with perigee equal to several tens 
of thousands of kilometers, and apogee reaohing one half million kilometers. 

An example of this type of flight is the flight of the third Soviet oosmio 
rooket with an automatio interplanetary station. 

Let us now examine the case when the trajectory of the spaoe vehiole leaves 
the limits of the sphere of influenoe of the Earth. In these oases the velooity 
at the end of the ejeotion phase exoeeds or equals the parabolio velooity, 
and the trajeotory within the sphere of influenoe of the Earth is hyperbollo 
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or parabolic 





tt n u « ts a ” 

V, 


Fig. 18. The dependence of the velooity of a spaoe vehiole at the 
boundary of Earth's sphere of influence upon its velooity 
at the end of the ejeotion phase (Iiq - 200 km). 

The velooity of a spaoe vehicle at the boundary of the Earth's sphere of 
influence V*, as is apparent from Formula (1.18), is uniquely determined by 
the velooity Vo and altitude h^ at the end of the ejection phase. The de¬ 
pendence of V* upon V Q at hQ - 200 km is shown in Fig. 18. When the velooity 
at the end of the ejeotion phase iB equal to the parabolio velooity (V 0 «V par ), 
the velooity at the boundary of the sphere of influenoe V*£f0.9 km/seo. 
Increasing V Q by 0.5 km/seo relate to V par leads to an inoreasu in V* to 
3.3 km/seo, and an inorease of 1 km/seo will lead to an increase in V* to 
4.9 km/seo. At veloolties olose to the parabolio velooity an inorease in V 0 
by 1 km/seo leads to an inorease in V* by 5 to 8 m/sec. 

The motion of a spaoe vehiole after leaving the Earth's sphere of in¬ 
fluenoe may be ocioulated starting from its parameters of motion at the point 
of departure. The velooity of a spaoe vrbiole in heliooentrio coordinates 
may be obtained by summation of the velooity veotor V* and the velooity veetor 
of the Earth’s oenter at the corresponding moment in time V e . This velooity 
veotor V 0o also determines the nature of the motion of a spaoe vehiole in the 
heliooentrio system. 
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If V 0o is less than the parabolio velooity relative to the Sun v pare * the 
motion of a spaoe vehiole in the solar system will be in an elliptioal orbit, 
and it will be transformed into a solar satellite—an artifioal planet. If 
V 0<J is equal to the parabolio velooity or exoeeds it, the motion of a 

spaoe vehiole will be in a parabolio or hyperbolio trajeotory. In these 
oases it will leave the solar system forever. 

Let us determine the minimum velooity whioh must be given the spaoe vehiole 
for this when leaving the Earth. The average velooity of the Earth is V fl ■ 
2^.75 km/sec and, therefore, the parabolio velooity relative to the Sun, oal- 
oula+ed taking into aooount the average radius of the Earth's orbit, equals 
Vro"^ V e “ 42 km/seo. 

Let us assume that the velooity veotor of the spaoe vehiole at the bound¬ 
ary of the sphere of influenoe is parallel to the velooity veotor of the 
Earth's orbital motion, whioh may be ensured by the appropriate ohoioe of the 
launohing direction of the spaoe vehiole. Under these conditions the space 
vehiole will move in the heliooentrio system with the parabolio velooity if 
its velooity in the geooentrio system is V* - v par 0 “ v e ■ 12.25 km/seo, for 
whioh its velooity at the end of the ejection phase, as is apparent from Pig. 
18, must be about 16.5 km/seo. 

The velooity necessary to take a spaoe vehiole beyond the Sun's gravita¬ 
tional field is oalled the third oosmio velooity. It magnitude at altitude 
h Q ■ 0, i.e., at the Earth's surfaoe, is about 16.7 km/seo. 

Let us examine in more detail the motion of a spaoe vehiole in the solar 
system in an elliptioal orbit and, in partioular, flights to other planets. 

In the first approximation let us assume that the motions of the Earth and 
other planets is in a circular orbit whose radii correspond to the average 
radii of their aotual orbits. Let us assume that the orbits of all planets 
and the trajeotorise of the spaoe vehioles lie in the same plane. 
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Let the trajeotory of the spaoe vehiole in the Earth's sphere of influenoe 
he taken suoh that the velooity veotor at the boundary of the sphere of in¬ 
fluenoe V* is parallel to the Earth's velooity veotor V e , If the directions 
of these coincide, the velooity of the spaoe vehiole in heliooentrio coordi¬ 
nates will equal their arithmetical sum and be a maximum for the given value 
of the velocity V# 0 « The orbit of the spaoe vehiole in heliooentrio coordi¬ 
nates in this oase will envelope the Earth's orbit, tangent to it in the 
perihelion at a distance from the Sun of the radius of the Earth's orbit 
r^- r @ . The distance from the Sun to the aphelion of th| orbit r^ will 
be a function of the velooity of the spaoe vehiole. Values of r a as a 
function of the velooity at the end of the ejeotion phase V Q at h Q - 200 km 
are shown in Table 12. 


TABLE 12 

Distance from the Sun to the aphelion of the orbit at various values 
of the velooity at the end of the ejection phase. 


Velocity at ppd 
of ejeotion phase 
i* km/seo 

Exoess velooity 
over the para¬ 
bolio in km/seo 

Distance from Sun 
to aphelion of orbit 
in millions of km 

^Tl,C15 

0 

168,9 

11,515 

0,5 

M7,7 

12,015 

1,0 

314,1 

13,015 

2,0 

486,1 

14,015 

3,0 

760,3 

15,015 

4,0 

1400,0 

16,015 

5,0 

4618,0 


From these data it is apparent that when the velooity of the spaoe vehiole 
exoeed the parabolio velooity by 0.3 lda/eeo, the aphelion of its heliooentrio 
orbit will be looated beyond the orbit of liars, at a velooity exoeeding the 
parabolio by 3 km/seo, it will be olose to the orbit of Jupiter, and at a 
velooity exodeding the parabolio by 4 km/seo, it will reaoh the orbit of Saturn. 

If the direotion of the velooity veotor of the spaoe vehiole at the boun¬ 
dary of the sphere of influenoe is opposite that of the velooity veotor of the 
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Earth, the velooity of the vehiole in the heliocentrio system will equal their 
difference and he a minimum for the siren value of V* 0# In this oase the 
orbit of the spaoe vehiole will be within the Earth's orbit, tangent to it 
in the aphelion (r ft - r e ). 

The distanoee from the Sun to the perihelion of an orbit of this type at 
the end of the ejection phase V Q at h Q - 200 km are given in Table 13. 

As is apparent from the table, when the velooity of the spaoe vehiole Vq 
exceeds the parabolio velooity by 2 km/seo, the perihelion of its orbit will 
be olose to the orbit of Meroury. To bring the orbit of the spaoe vehiole 
olose to the Sim it iB necessary to assign it a very high velooity at the end 
of the ejection phase. To attain a distanoe of 30 million km from the Sun, 
the sphaoe vehiole must have a velooity of 16.7 km/seo, exceeding the third 
oosmio velooity, 

TABLE 13 

Distanoe from the Sun to the perihelion of the orbit at various veloci¬ 
ties at the end of the ejection phase. 



11,015 

0 

11,515 

0,5 

12,015 

1,0 

13,015 

2,0 

14,015 

3,0 

15,015 

4,0 

16,015 

5,0 



Thus, approaohing the Sun at olose distances presents a greater power 
problem than going beyond the Sun's gravitational field. 

These orbits of spaoe vehioles may be used for flights to other planets 
of the solar system. The minimum neoessary velooity for a flight to a given 
planet will correspond to a semielliptioal orbit, whioh in its aphelion and 
perihelion is tangent to the orbit of the Earth and the planet named. The 
range angle of the oAital phase of the flight in the heliooentrio system will 
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b#$1 - 180* (Pigs. 19 and 20) 


TABLE 14 

Values of the minimum possible velocities for flights to the planets 
(hQ - 200 km) 


Planet 

Velocity at end 

Flight duration 


of ejection phase 

in years 


Mercury 

13.31 

Venus 

11.25 

Mars 

11.35 

Jupiter 

14.05 

Saturn 

15.05 

Uranus 

15.73 

Neptune 

16.00 


0.29 

0.40 

0.71 

2.72 


6.04 

16.0 

30.6 


The values of velocities neoeSBary for flights to other planets in semi- 
elliptio orbits and the duration of these flights, oaloulated for the average 
radii of the orbits of the planets, under the assumption that all orbits lie 
in one plane, are shown in Table 14. 

TABLE 15 

Orbit8 of a flights to Mars 


Initial velooity, 

for heliooentrio 

orbit, km/seo 


Plight duration, 
months 

52771 

180 

- 87ES 

33,71 

124 

5,25 

34,71 

108 

4,32 

35,71 

97 

3,77 

36,71 

90 

3,40 

37,71 

85 

3,10 


At an inorease in the velooity V Q in comparison with the minimum required, 
the intersection of the orbit of the spaoe vehiole with the '•"bit of a planet 
will take plaoe at a lower value of the range angle^2 <§\. Simultaneously, 
the duration of the flight is inoreased. The basio data on these orbits for 
flights to Mars and Venus are given in Tables 15 and 16. 
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FiC, 19. Trajectory of flight to Kara. 

0~Sunj r € —average radius of Earth orbit; rj^average radius of 

orbit of Kars; V^—velocity of space vehicle at end cf ejection 

phase} V e —velocity of Earth in orbit; V*—velocity of space vehicle 

at boundary of the Earth's sphere of influence in geocentric system; 

V 0 —velocity cf vehicle at boundary of Earth's sphere of influence 
u c 

in heliocentric system (ir.itiul velocity :or heliocentric orbit) *51 — 


perihelion of heliocentric orbit; a— aphelion of heliocnetric orbit; 




«—rsn t e ar.^le for heliocentric orbits. 


I 
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0—Sunj r @ —average radius of Earth's orbit j r v —average radius of 
orbit of Venus} Vq— velocity of space vehicle at end of ejection 
phase; V # —'velocity of spado vehicle at boundary of Earth’s sphere of 
influence in geocentric system} V Q —velocity of vehicle at boundary 
of Earth's sphere of influence (initial velocity for heliocentric 
orbit) in holioealftric system} perihelion of heliocentric orbit; 
O— aphelion of heliocentric orbit; j— ranye an. le. 


s 

I 

i 


I 


V 
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Itt ordetf that the spaoe vehiole make oontaot with the planet, the time of 
its launching must he ohosen such that the mutual position of the Earth at 
the moment of launohing and the planet at the moment of impaot he fully deter¬ 
mined* 


T*?LE 16 

Orhits of a flight to Venus 


Initial velooity 
for heliooentrlo 
orhit. km/see 

Bange angle, 
degrees 

Plight duration, 
months 

27.as 

„ ' 

4,87 

a , 2 * 

118 

8,32 

28,28 

88 

2,83 

28.28 

78 

2,82 

g ,28 

88 

2,33 

2,28 

89 

2,18 


The favorable mutual positions of the planets are periodically repeated. 
For flights to liars, their repetition period is 2.14 years, and for flights 
to Venus, 1,57 years. 

It should he noted that this data on the required velocities for flights 
to the planets, owing to assumptions made in their oaloulation, are approxi¬ 
mate and desorihe the lower limit of required velooities. They are valid when 
impaot takes plaoe near the node of the planet's orhit, i.e., when the spaoe 
vehiole's motion is in the plane of the eolipse. 

In other oases, when the spaoe ship mskes oontaot with a planet in a 
period when it is not in the plane of the eolipse (due to the faot that its 
orbital plane makes some angle with the plane of the eolipse), the velooity 
necessary for a flight to the planet is found to he considerably greater. 
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Trajectories of transition of space vehicle 
to circular orhit around the Sun. 

O—Sunj V 00 j, V 00 jj— velooity of spaoe vehiole at boundary of the Earth'« 
sphere of influence in heliocentric system} V al' V^n—velooity of 
spaoe vehiole at point of transition to circular orbit about the Sun} 

—additional velooity neoessary to put vehiole in oiroular 
orbit} v kpn“ -oiroular velocity} r r , r TI —radius of oiroular 

orbit} r—average radius of Earth's orbit. Subscript I pertains to 
spaoe-vehiole orbit of greater radius than that of Earth, II denotes 
orbit smaller in radius than Barth's. 

TABLE 17 

Values of total velooity neoessary for ejection of spaoe vehiole into 


(Orbit of Meroury) 

108 

(Orbit of Venus) 
228 

(Orbit of Mars) 

788 

(Orbit of Jupiter) 


(Orbit of Saturn) 
2869 

(Orbit of Uranus) 

, 4495 

(Orbit of Neptune) 







In oonolusion, 1st us examine the problem of creating artificial satellites 
of the Sun (artificial planets) which move in oiroular orbits. For thi.s the 
spaoe vehicle must be first of all be plaoed in a seaielliptioal transitory 
orbit, tangent to the aphelion or perihelion of the given oiroular orbit. 

When the spaoe vehiole reaohes the aphelion (or perihelion) of the transitory 
orbit, it must be given an additional relooity AT for its transition into 
oiroular orbit (Fig, 21). 

Values of the total velooity V Q + AV neoessary to put the spaoe vehiole 
into a oiroular orbit, transforming it into an artifiolal planet, are shown 
in Table 17. 
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Requirements on the Aoouraey of the Motion Parameters 
at the End of the Ejeotion Phase 

Por a fpaoe apparatus to more along a given orbit it must have definite 
motion parameters. Even slight errors in the magnitude and direotion of the 
velooity at the end of the ejeotion phase oan result in considerable devia¬ 
tions of the orbit of the vehiole from the oaloulated orbit. 

Let us demonstrate the extent to whloh these errors influenoe the orbital 
oharaeteristios and the lifetime of artifioial earth satellites. 

As illustration, Table 18 gives data on the ohange of the basio para¬ 
meters of the orbit of an artifioial satellite, the heights of the perigee 
and the apogee, when there are errors in the velooity and the angle of in¬ 
clination of the tangent to the trajeotory at the end of the ejeotion phase 
(the oase of ejeotion of a satellite at the perigee of the orbit.) 


TABLE 18 

Influenoe of Ejeotion Errors on the Perigee and Apogee of the Oxbit 


C 



El 

H 

13 

m 

mm 

MM1 

0 

± 39 

0 

± 40 

0 

± 73 

0 

±190 

0 

* 472 

Ohange in orbital parameters 
with ejeotion-angle errors of t 1*t 
Ohange in height of perigee, km.. 
Change in height of apogee, km... 

- 25 
+ 25 

- 13 
♦ 13 

-4*8 

+4,8 

9 



Prom the table it is evident that a velooity error oauses a corresponding 
ohange in the height of the apogee and the olrollng time of the satellite, 
without affooting the height of the perigee. Por low oxblts, the ohange in 
height of the apogee is only weakly dependent on the initial values of the 
orbital paramonters. However, as the orbital height inoreases, the influenoe 
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trf velocity errors on the height of the apogee and on the oirollng time of the 
satellite inoreaees notioeahly. 

An error in the ejeotion angle always results in a deorease of the perigee 
height and a corresponding increase of the apogee height. Sinoe satellite 
deceleration ooours mainly near the perigee, this results in deoreased satel¬ 
lite lifetime. 

For an orbit with an apogee height of 800 km and a perigee height of 250 
km, a 1* error in the angle at the end of the ejection phase deoreases the 
perigee by 25 km, causing a two-fold deorease in the lifetime of the satellite. 

The influenee of ejeotion angle error on the height of the perigee de¬ 
oreases with increasing ezoentriolty of the orbit, l.e., with inoreasing height 
of the apogee and unchanged perigee height. For an orbit with a perigee of 
250 km and an apogee of 1500 km, the perigee deoreases by 13 km due to the 
same error in the ejeotion angle as above. There is only a 1.5-fold deorease 
in the lifetime of the satellite due to this ejeotion angle error. Conse¬ 
quently, for more elongated orbits the deorease in lifetime of the satellite 
due to ejeotion errors will be less than for orbit olose to oiroular. 

Angle errors do not affeot the oiroling period since in this case the 
value of the major axis of the elliptical orbit remains constant. 

Let us now show the influenoe of errors at the end of the ejeotion phase 
on the orbits of spaoe vehioles for lunar flights. Let us treat first the 
most favorable oase, when the orbit of the spaoe vehicle lies in the plane 
of the moon's orbit. As has been mentioned, this will be the oase when a 
rocket is launohed from the equatorial regions. 

Let us assume that the oaloulated orbit passes through the oenter of the 
moon. Figure 22 gives the values of maximum ve] ooity<? V Q and angl •SB’o arrors 
(corresponding to orbital inolination from the oenter to the edge of the moon*) 

• See Ubpekhi Fitioheskikh Sauk (Progress of Fhysioal Soienoes),43, lo.la,101,1957, 
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Mttn these graph* it follows that the values of the maximum errors $ V Q and 
ohange substantially depending on the exoess velooity at the end of the 
ejeotion phase with respeot to looal parabolio velooity Sv 0 ■ V Q - V par . 



Figure 22. Values of the maximum velooity <5 V and 
angle errors when landing on the noon, for°the 
oase when the orbit of the epaoe vehiole lies in the 
moon's oxbital plane. 

For velocities which are 50-60 m/seo less than parabolio, i.e,, for 
elliptioal orbits, £v q ^r!0 m/seo and^^ 0 - 0,4*. For veloolties greater 
than parabolio, hyperbolio orbits, the maximum velooity error inoreases to 
20 - 40 m/seo, while the maximum angle error decreases to 0.3 s . Considering, 
however, that orbital inclinations are determined by the oombined influence 
of velooity and angle errors, and also bearing in mind that there are other 
errors whioh lead to oxbital inclinations, we can consider that for hyper¬ 
bolio oxbits in the moon's orbital plane the errors at the end of the ejeotion 
phase should not exoeed the following valuest velooity errors 10-20 m/seo, 
angle errors 0 . 15 - 0 . 20 *. 

When a rooket is launohed toward the moon from the middle latitudes, e.g., 
from the TJ3SB, the requirements in the aoouraoy of the motion parameters neces¬ 
sary for landing on the moon are considerably increased. 

For the hyperbolio orbit of the seoond Soviet spaoe ship a velooity error 
of 1 ^seo would have resulted in a 250 -km deviation in the point of impact 
on the moon. A deviation of the velooity veotor from its oaloulated direotion 
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by om Angular minute would oauee a 200-km shift in the impaot point. 

Deviations in the impaot point are also notioeably affeoted by errors in 
the ooordinates at the end of the ejeotion phase and by errors in the launoh 
time. When the launoh time deviates by 10 seoonds from the oaloulated time 
there is a deviation in the impaot point on the moon's surfaoe of the order 
of 200 km. 

From these data we oan oonolude that when a rooket is launohed from the 
USSR toward the moon, the velooity error at the end of the ejeotion phase 
should not ezoeed several meters per seoond, while the velooity veotor should 
not deviate by more than 0,1° from its oaloulated direction. 

Even greater influence is exerted by orbital ejeotion errors when launch¬ 
ing spaoe vehioles to other planets. For a flight to liars on an elliptloal 
orbit whioh assures approaoh to liars at its aphelion, a velooity error at the 
end of the ejeotion phase of 1 m/seo causes a deviation of the order of 30,000 
km in the orbit of the vehicle near Mars. Therefore, for suoh flights the 
movement of the vehicle should be oorreoted in flight. 
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Spaoe Eookets and Carrier Rookets for Artifioial Satellites 
Ejeotion into Orbit 

Aa has already been mentioned, the basic problem in launohing a spaoe 
vehiole is the ejection into orbit, giving it a velooity equal to or exceed¬ 
ing orbital velooity at the corresponding height. 

The basio means for solving this problem at present is the multistage 
rooket with liquid-prop*llant engines operating on ohemioal fuel.* In the 
near future we oan expeot the appearance of spaoe rookets operating on nuolear 
power. 

The multistage (or compound) rooket, first envisioned by Tsiolkovskiy, 
oonsists of a number of connected rookets. Let us examine this, using as 
our example the three-stage rooket shown in Fig. 23. Eaoh of the three rook¬ 
ets has its own engine and tanks for fuel and oxidizer. The first stage 
moludes all three rookets, the seoond and third rookets being, as it were, 
the payload of the first rooket. When the engine of the first rooket bums 
out it is separated, and the seoond stage, consisting of the seoond and third 
rookets, continues the flight. When the engine of the seoond rooket bums 
out, it is also separated and the third rooket (third stage) oontinues the 
flight alone. 

Thus, in a multistage rooket as the fuel is expended the individual stages 
drop away. Therefore itB aooeleration, for the same reactive foroe, is greater 
than that of a single-stage rooket with the same oharaoteristios. As a re¬ 
sult, the rooket acquiree greater velooity. 

* In certain oases a spaoe rooket ^ay have individual stages using solid- 
fuel (powder) engines.) 
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Figure 23. Diagram of a three-stage rooket. 

1) engines) 2) fuel tanks) 3) payload (spaoe yehiole) 

Figure 24 is a diagram of the trajeotory for ejeoting a satellite into 
orbit. The angle of inclination of the velocity veotor to the horison at a 
given point of the trajeotory is designated 'by'tP, The oaTrier rooket is 
launohed vertioally - 90*). Then, after a short vertioal-asoent phase, 

the rooket gradually begins to turn about its transverse axis aooording to 
a set program, resulting in a ourve in its motion trajeotory. Be seleotlng 
a corresponding program for the turn of the rooket with time, we oan obtain 
the required values for the height h Q and angle '& Q at the end of the release 
phase. 

When the satellite is ejeoted into oxtoit, ■ 0 (Fig, 24). When spaoe 
vehioles are launohed toward the moon or other planets, and angle -Jq as a 
rule does not equal sero, but is determined by the launch ooVitiont the date 
of launoh, the mutual position of the planets, the geograpMo latitude of the 
launoh site, eto. 
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Figure 24. Diagram of the trajeotory for the ejeotion of satellite 
into orhit. 


Let us analyse the basio faotors which determine the -velocity of a multi¬ 
stage rocket at the end of the ejeotion phase. Let us examine the equation 
of motion of a rooket in projection onto the tangent to the trajeotory; this 


equation has the form 


(1.37) 


where 0 is the ourrent weight of the rooket; dV/dt is the acceleration of 
the rooket; £ is the acceleration due to gravity; g Q is the aooeleration 
due to gravity at the earth's surfaoe (at sea level); P is exhaust thrust; 

X is the drag force; and t ?is the angle of inclination of the velooity 
veotor to the horison. 

The thrust of the rooket oan be expressed in the form 

t - i' V' (1.38) 

where c is the Jet velooity; o/g 0 - P sp is the speoific thrust of the engine; 
and - (dO/dt) is the fuel consumption (change in weight of the rooket per 
unit time). 

Then Equation (1.37) oan be given in the form 

&-•fry-V*-*****''. d.39) 

Integrating the eqitt...*cn from the launoh time (t » 0) to the time oorrespond- 
ii <j to the end of the ejeotion phase (t - t f ), we get the velocity of the 


rocket at the end of the ejeotion phase; 
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‘k'.'fcq <fTw3 

jHr*- y*** 


(1.40) 


where m is the number of stages) and c^, 0 Qi , and Gj^ are, respectively, the 
exhaust velooity, the initial and the final weight of the individual stages. 

The first term on the right in (1.40) oofresponds to the Tsiolkovskiy 
formula and defines the velooity of a rooket when no external foroes aot on 
it, the so-oalled oharaoteristic velooity of the rooket. The seoond term 
on the right characterises the velooity lost due to predomination of drag 
foroes, and the third term oharaoterises velooity lost to gravity. We have 
neglected, in (1.37), the losses in velooity due to non-oorrespondenoe be¬ 
tween the direotion of thrust and the velooity veotor (angle of attaok), 
sinoe these are relatively slight. 

When a spaoe vehicle is ejeoted into orbit, the total velooity lost due 
to gravity and drag is about 2000-3000 m/see, on the average. Therefore, to 
impart to a satellite a velooity of the order of 8000 m/seo the oarrier 
rooket should have a oharaoteristic velooity of about 10,000-11,000 m/m*o t 
while to impart to a spaoe vehicle a velooity of the order of 11,000 m/seo 
the oarrier rooket should have a oharaoteristio velocity of about 13,000-14*000 
m/seo. 

The oharaoteristio velooity of a multistage rooket, as oan be seen from 
Equation (1.40), equals the sum of the product of the exhaust velocities, in 
natural logarithms, and the ratios of the initial and final weights for the 
individual stages. 

If we assume that the exhaust velocity £ is identioal for all stages, and 
the relative design weights for eaoh stage aj » 0^/0^ are equal 
(a 1 • %2 • ••• “ a u)_i ■ * a), we oan show that in the optimal oaae, whioh 

assures maximum oharaotoristio velooity, the initial weights of tbs stages 
should be distributed according to the law of geometrio progression! 
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(1.41) 





or 



where 0^, 0^, 0^ 

weight of the payload (spaoe vehiole), The initial weight of the first stage 


equals the total initial weight of the rocket, Q ( 


■ 


The oharaoteristic velooity of suoh a multistage rooket oan he expressed 


hy the formula 


' f m 


(1.42) 


The connection between the parameters in this formula is given conveniently 
in the form of a graph of the relative characteristic velocity V u /o vs, the 
ratio of the initial weight of the rooket to the weight of the payload Qq/ 0^ 
for various nunbers of stages m. Figure 25 shows suoh graphs. 

From these it is evident that, depending on the value V u /o, there is a 
oertain number of stages whioh assures a minimum ratio between rooket weight 
and payload weight. In addition, it also follows from the graphs that a 
single-stage rooket (m * 1) oannot have the velooity neoessary for ejecting 
a satellite into orbit if it does not have an exhaust velooity greater than 
5000 m/seo, whioh is impossible for modern ohemioal-fuel rockets. 

The family of ourves whioh oorresponds to rookets with various nuaiber of 
stages has an envelope (dashed line in Fig. 25), We oan show that the maximum 
characteristic velooity for suoh an envelope oan be expressed by the formula 


(1<43) 


where the value of K depends on the relative design weight (Fig, 26), 
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Value of the ooeffioient E'vs. a. 


From this formula it Is evident that the maximum velooity of a rooket 
with optimum parameter eeleotion depends on the ratio of its initial weight 
to payload weight, the jet velocity, and the relative design weight. In 
this oase, the initial weight of the rooket whioh assures ejeotion of a 
space vehicle of a certain weight into orbit, as oan be seen from Fig. 25, 
varies within broad limits, depending on the speoifio values of the exhaust 
velooity and the relative design weight. 

When a satellite is ejected into an orbit having a given perigee and 
apogee height, itB motion in orbit oan be begun from any point on the orbit, 
generally speaking. It is merely neoessary to oarry the satellite to a 
height corresponding to the given point on the orbit and impart to it the 
neoessary velooity in the direction of the tangent to the orbit at this 
point. The higher the point of the orbit, the less velooity must be imparted 
to the satellite. Minimum velooity must be imparted to the satellite if its 
orbital motion begins at the apogee. 

However, from what has been said we oannot draw the oonolusion that it 
is expedient to ejeot a satellite into the apogee of an orbit. Analysis of 
the problem has shown that the additional expenditure of energy neoessary to 
lift the satellite to a great height exoeeds the energy gained by virtue of 
the faot that less velooity must be imparted. Therefore, energywise, it is 
best to ejeot a satellite into orbit near its perigee. 

When the perigee of the given orbit is relatively low (of the order of 
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hundreds of kilometers) the satellite oan be ejeoted immediately at the end 
of the powered phase of the trajeotory of the oarrier rooket, as shown in 
Fig* 24. As the ejeotion height inoreases, there is also inoreased power ex¬ 
penditure due to the effeot of gravity in the ejeotion phase. 

For high orbits, when the perigee oan be at several thousands of kilo¬ 
meters, suoh an ejeotion method oannot generally be used beoause of limitations 
of the powered phase of the trajeotory. In this oase, the satellite must 
first be ejected into a certain transitory orbit having a relatively low 
perigee* At a certain point on this transitory orbit the oarrier rooket 
should impart to the satellite an additional velotoity to assure its transition 
to the given orbit. Thus, in this oase the ejeotion trajeotory will consist 
of two powered phases, separated by an inertia-flight phase. 

Analysis of such an ejeotion method has shown that energywise, the optimum 
ejeotion of a satellite is that along a semielliptioal transitory orbit whose 
perigee is as low as possible and whose apogee ooinoides with the perigee of 
tue final orbit (Fig. 27). 

The angle of inclination of the velooity vector at the end of the ejeotion 
phase into the transitory orbit, at point P', is sero - 0). Seoondary 
out-in of the rooket engine ooours at point A' . The thrust direotion should 
ooinoide with the tangent to the trajeotory at this ^oint. 

Table 19 gives the oaloulated velocities whioh must be imparted to the 
satellite to eject it into oiroular orbits of various heights h Qlr using this 
method. In the oaloulations it was assumed that the perigee of the transit¬ 
ional orbit is 200 km. 
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Pig. 27. Diagram of the ejection of a satellite into a oiroular orbit 
from a semi-elliptioal transitory orbit. R - earth's radius; 
r . - radius of the given oiroular orbit; P' - perigee of 

t&e r transitory orbit; A' - apogee of the transitory orbit; 

Vpi - velooity at the perigee of the transitory orbit; V* ■ - 
velooity at the apogee of the transitory orbit;- addi¬ 
tional velooity needed for the spaoe vehiole to enter the 
oiroular orbit; V 0 i P - oiroular velooity for the given orbit. 


TABLE 19 

Velooity for Ejecting a Satellite from a Semi-Elliptioal Transil 

tory Orbit 

Height of the given 
oiroular orbit, km 

Velooity at the end 
of the ejeotion phase 
into the transitory 
ellipse, V pl , m/seo 

Additional velooity 
for transition to 
the given orbit, AV, 
m/seo 

Total vel¬ 
ooity, V^ , 
m/seo <- 



BOOS 

814 

878# 

864 

10018 

urn 

10484 

1444 

10686 

I860 

10880 

1279 

10748 

1804 

10790 

1148 

10844 

1041 

11011 

0 


UM. 


. uw 


Prom the data in the table it follows that the total velooity required to 
ejeot a satellite first increases with inoreased height of the given orbit, 
ana then deoreas*? somewhat, tending toward the limit (at boir”**) at paxebolio 
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ysloolty, The total velooity ie maximum when the height of the oiroular oxbit 
is approximately 100,000 km. For this oase, the total velocity is 8.5% 
greater than the parabolic velooity at the perigee of the transitory orbit 
(200 km). Here we have a paradoxioal phenomenon in whloh less total velooity 
it required to launoh a satellite to greater heights. 

When a space vehiele is latuiohed in an easterly direotion the velooity 
Imparted to it by the rooket is oombined with the velooity of the earth's sur- 
faoe in its daily motion. 

The increase in velooity due to the earth's rotation is a function of 
the inolinatlon of the orbit, and can be expressed, approximately, by the 
formula 

AV^-«(i? + Wcoe<, (1.44) 

where R is the earth's radius; h Q is the ejeotion height; CJis the angular 
velooity of the earth's rotation about its axis; and i. is the orbital inclina¬ 
tion. 

With decreasing orbital inolinatlon,AV ro t increases, reaohing about 
460 m/seo for an equatorial orbit. For polar orbitB,^V rot is sero, while 
for orbits with an inolinatlon of 65*, oorresponding to the orbits of the 
first Soviet satellites, it is about 200 m/seo. 

Liquid-propellant ohemioal-fuel rookets have been widely developed and 
are now quite perfeoted. 

The development of nuolear technology has made it possible to disouss the 
oreation, in the near future, of nuolear-powered spaoe vehicles. The thermal 
energy in suoh engines, developed by some sort of nuolear reactor, will be 
used to heat some working liquid (hydrogen, ammonia, water), converting it to 
a high-temperature gas whioh will flow from a nossle, oreating exhaust thrust. 

Che basio advantage of suoh engines over ohemioal-fuel engines is the 
possibility of produoing higher jet velooities (speoifio thrust), sinoe the 
energy imparted to the working liquid in the reaotor oan considerably exoeed 
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the energy released during the oombustion of even the most highly effeotive 
ohemioal fuels* 



The exhaust velocities of suoh engines will he limited only hy the maxi¬ 
mum temperature whioh the reaotor and nossle materials oan sustain* 

The motion eharaoteristios of suoh rookets will differ little from those 
of ohemioal-fuel rookets. 

A particular olass of spaoe rookets are those spaoe vehicles with so-oalled 
electro-reaotion engines. One of these is the ion engine, in whioh reaotion 
power is created hy the exhaust of a stream of ions aooelerated to very high 
velocities hy means of an eleotrostatio field. Elements whioh are easily 
ionised, e.g., oeslum or sodium, are proposed as the working suhstanoe used 
to form the stream of ionized gas. The energy required to aooelerate the 
ionized gas oan he obtained from a nuolear power plant, a type of atomio power 
station in the spaoe vehicle. 

Figure 28 is a hloek-diagram of an ion engine. The working suhstanoe is 
in tank 1, from whioh it is fed hy means of a suitable system 2 to the engine. 
After being heated to a high temperature and passing through porous wall 3, 
the working suhstanoe in the engine is eonverted into ionized gas whioh is 
then aooelerated in an eleotrostatio field ereated hy the system of grids 4, 

To avoid formation of a spaoe oharge whioh would prevent further exhaust, the 
ion flux should he neutralised after aooeleration) eleotron emitter 5 is used 
for this purpose. The engine is powered hy nuolear power plant 6 through 
transformer 7. 


Fig. 28. Diagram of an ion engine, 1) tank with the working suhstanoe 
(oeslum)f 2) system for feeding the working suhstanoe) 3)porous wallf 4) 
svstees of grids to oreate an eleotrostatio field) 5)eleotron emitter) 

6) nuolear power plant) 7) transformer. i 
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Thp main feature of this type of engine, whioh distinguishes it from other 
types of rookets, is the extremely high jet velooity (to 100-200 km/®«°) *«d 
the very low thrust and aooeleration in the powered phase (of the order of 
10" 3 m/seo 2 ). 

The impossibility of produoing high thrust from the ion engines is due 
to the faot that with high exhaust velooity, the power neoessary for creating 
an exhaust jet with high thrust is excessively high. For example, to produoe 
a thrust of 1 m at an exhaust velooity of 100 km/seo we need a power of about 
one million kilowatts. 

Therefore, although ohemioal-fuel rookets can be launched independently 
from the surface of the earth or other planets, sinoe the engine thrust ex¬ 
ceeds the initial weight, spaoe vehioles with ion engines cannot. They must 
begin their flight from the orbits of artifioial satellites of the earth or 
of other planets. Their trajeotory is a slowly developing spiral (Fig. 29). 
The engines of suoh vehioleB can operate for many weeks. 

Tie basio advantage of snaoe vehioles with eleotro-reaotion engines is 
the more favorable ratio of payload weight to initial weight. Therefore there 
is every reason to believe that in the future suoh vehioles will be the basio 
method for making flights between the orbits of artifioial planet satellites. 



The Problem of Deeoent to the Surfaoe of the Earth and Planets 


Landing a spaoeoraft on the surfaoe of the earth and planets is one of 
the most oomplex problems associated with interplanetary flight• The motion 
of any spaoeoraft relative to the earth or other oelestlal body takes plaoe 
with a velooity equal to or greater than oiroular velooity. During desoent 
this relative velooity must be reduoed by some method to sero at the instant 
of landing. Two methods of decelerating spaoeoraft during desoent whloh 
differ in prinoiple are presently feasible. The first of these is based on 
the use of a reaotive force, the seoond, on the use of aerodynamio foroes 
arising during motion of the spaoeoraft in the atmosphere. 

To aooomplish the first method of desoent, the spaoeoraft (or its des¬ 
cending part) must be provided with a power plant and a fuel supply to 
deoelerate the spaoeoraft. 

Its oharaoteristio velooity in addition must equal the sum of the vel¬ 
ooity of motion relative to the surfaoe of the planet at the start of desoent 
and the irorement in velooity oaused by the effeot of rravltational foroes 
during the desoending phases 


* T. 


rel 


•$ 


(1.45) 


Approximate values are given in Table 20 for the oharaoteristio. velooity 
when using ohemioal-fueled motors for desoending on the surfaoe of the earth, 
moon, and oertain planets. This Table shows the ratio of the payload to the 
initial weight of the spaoeoraft (assuming that it has an optimal number of 
stages, the relative weight of the structure is a ■ 0.1, and the jet velooity 
is o » 4000 a/»9o). In addition two oases are considered! desoent from a 
parabolio orbit and desoent from a circular orbit looated 1000 km over the 
planet's surface. 
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We see from the Table that when using the most effloient ohemioal fuels, 
the relative weight of the payload oan bet -aring desoent on the moon, to 
20- 6096 } on Hare, to 15—to earth and Venus, less than 10$. With desoent 
on Jupiter and Saturn the payload is praotioally sero. Suoh a result is 
oompletely natural sinoe the problem of deceleration of the spaoeoraft moving 
with spaoe velooity is, from an energetio point of view, equated to the pro¬ 
blem of imparting suoh velooity to it. 

However, in spite of the indicated shortcoming of the desoribed method 
of desoent, it is the only possibility when landing on oelestial bodies with¬ 
out a sufficiently dense atmosphere and, in partioular, whan landing on the 
moon. 

The seoond method of desoent, deceleration of the spaoeoraft by aerody¬ 
namic forces, if the oelestial body has an atmosphere. As will be shown 
below, the aooomplishment of suoh a desoent is most favorable under the condi¬ 
tion that the spaoeoraft is preliminarily converted into an artifioial satel¬ 
lite moving to a sufficiently low orbit olose to oiroular. 

TABLE 20 

Characteristic Velooity and Relative Weight of the Payload During 
Desoent with Ube of Reaotive Foroes 


| Eart'h | Moon | Venus | Vara | Jupiter | Saturn 
Desoent from parabolio orbit 


Charaoter. vel. km/seo. 

13,0 

2,5 

12,0 

1 5,8 1 

«,5 1 

41,0 

Rel. wt. payload 

1.5 

30 

1,8 

I 14 ' 3 1 

0 1 

0,0001 

Desoent from oiroular orbit 




Charaoter. vel. km/seo 

8,1 

1,5 

7,4 

3,4 

46,0 

1 27,5 

Bel. wt. payload 

6,7 

61 

8,5 

32 

l 

0,00001 

| 0,001 


During desoent with aerodynamio foroes we must oonsider the two main oasest 
a) Only the drag foroe aots on the spaoeoraft and its motion in this oon- 
neetion occurs over a ballistlo trajeotory; 
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b) In addition to the drag foroe, and aerodjmamio life foroe aote of the 
spaoeoraft and it moves along a gliding trajeotory. 

In the first oase the spaoeoraft, or its desoending part, oan he repre¬ 
sented as an axisymmetrio body moving with aero angle of attaok. In the 
seoond oase, it should have lifting surfaees. 

We will examine the first, simplest oase to begin with. The drag foroe 
aoting on a body moving in the atmosphere with high velooity is determined 


by the formulai 




where C x - the drag ooeffioient, 

S M - the frontal area, 

p - density of the atmosphere at a given height, 

V — velooity of the spaoeoraft's motion. 

Correspondingly, the acceleration foroe is 

-H&fi 

where 0/S K is the load on the frontal area. 

The magnitude of the drag aoting on the spaoeoraft with a diameter of 1 m 
in relation to the height and its velooity of motion is shown in Table 21. 


Dra" Versus Height and Velooity, tons 


MOO 4,14 0.» 0,14 0,0*5 0,010 0 484 

KOI 14,» M4 0,10 0,10 0,00- o,on 

SOOO 01,00 1,01 *,« 0,40 0,14 0.015 

wo oo jo *4,to *,io o,n o.so o,osr 

wo mo, 4 n.u 440 *,u o,n o,o«. 

wo 140,0 0*40 oj 140 o,n MM 

. WO 000,1 41,00 *48 o,«o 0,n Q4» 

son oo«4 n,n 11,10 040 0.01 0400 

is apparent from the data oited, the drag, and consequently the 
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acceleration force aoting on the epaoeahlp oan reach quite large values if 
the notion of the spacecraft with a velocity dose to epaoe velooity oooure 
at low heights. Consequently, the motion of a spacecraft in the atmosphere 
should take plaoe over suoh a trajeotory at whioh a gradual decrease in the 
velooity of its motion is aooompliehed as the height deoreases. 

This requirement is satisfied by trajeotoriee at small negative inclina¬ 
tion angles of the velooity veotor to the horlsontal when entering the dense 
layers of the atmosphere at heights of 80-100 km. Table 22 shows the oal- 
oulated data characterizing the increase in the value of the maximal accelera¬ 
tion forces aoting on the spaoeoraft in relation to an inorease in the angle 
of entrance into the dense layers of the atmosphere *^ en » 


TABLE 22 


Inorease in the Value of the Maximal Acceleration Foroes with an Inorease 
in Angle of ftrtranoe into the Dense Layers of the Atmosphere 
Bntranoe angle, IHatio of acceleration foroes to those in a 

ZIP' ent I trajectory corresponding to /»P 0 


0 

2,5* 

5,° 

7,5’ 

10 * 


1,0 

1,2 

1,85 

2,9 

4,0 


As we see from the Table, an inorease in the entranoe angle into the dense 
layer of the atmosphere from 0 to 5* leads to an Inorease in the maximum value 
of the acceleration foroes by a factor of 2, and to 10* by about a faotor of 4. 
With sloping desoent trajectories the maximal value of the aooeleratlon foroes 
is about 8-10. Calculations show that the value of those overloads depends 
little on the load o.i the frontal area and drag ooeffiolent of the spaoeship. 
At the same time the values of these parameters affeot the velooity of the 
spaoeoraft at the end of the desoent phase, before its landing. The magnitude 
of this velooity during desoent along sloping trajectories is dose to the 
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velocity of the epaoeoraft's free fall in the atmosphere and is eereral hund¬ 
reds of meters per seoond. 

Simulateously with the effeot of the aerodynamio foroes on the spaoeoraft 
there takes plaoe its intense aerodynamio heating. The kinetio energy whioh 
the spaoeoraft had during entranoe into the atmosphere is oonverted to heat 
energy, causing an inorease in the heat oontent and flow temperature of the 
air washing the spaceship. An idea of the magnitude of this energy oan be 
obtained from the following figures. The kinetio energy per 1 kg of weight 
of the artifioial satellite moving at a height of several hundreds of kilo¬ 
meters, corresponds to a thermal energy of about 2.8 * 10^ kcal/kg. If we 
assume that all this heat is transmitted to the spaoeship, then it is more 
than enough to destroy oompletely the spaoeship regardless of its oonstruotion 

Therefore, the main problem in realising aerodynamio deceleration of a 
spaoeoraft lies in dissipating as muoh thermal energy as possible into the 
ambient atmosphere so that the spaoeoraft absoxbs a minimum of the heat being 
released. 

The picture of aerodynamio heating of a spaoeoraft in the atmosphere oan 
be represented in the following manner (Fig. 30). In front of the moving 
spaoeoraft there ooours a compression of the gas and the so-oalled shook wave 
arises. The parameters of the gas behind the shook are sharply ohanged— its 
temperature and pressure inorease, physiooohemioal alterations of the gas 
ooour (dissociation, ionisation, eto,). Furthermore, an inorease in the gas 
temperature takes plaoe in the so-oalled boundary layer in whioh there is a 
deoeleration of the onooming flow relative to the surfaoe of the spaoeoraft, 

A significant amount of heat is transmitted from the heated gas washing over 
the spaoeoraft to its surfaoe. The remaining part of the released heat is 
oarried away by the heated gas and is dissipated in the atmosphere. 



Direction of flight 



Pig. 30. Diagram of the motion of a spaoeoraft in the atmospheret 
l) Shook wave; 2) boundary layer; K ■ oritioal point. 


The greatest thermal flux impinging on the surface of the spaoeoraft is 
olose to the so-oalled oritioal point K where there is a oomplete deceleration 
of the oncoming flow. The value of the thermal fluxes arriving at the various 
seotions of the spaoeoraft's surfaoe depends on the parameters of its motion 
and shape. The heat being transmitted to the spaceship is partially radiated 
from its surfaoe and partially proceeds to heat its skin and is transmitted 
inward. The surfaoe temperature of the spaoeoraft oan reaoh values at whioh 
the most refraotory materials are destroyed. When the temperature exceeds 
the melting point of the skin material, fusion or evaporation and oarry-away 
by the oncoming flow of the material from the surfaoe of the spaoeoraft ooours. 
Then a part of the heat is absorbed by the prooesses of fusion and evaporation. 

It is evident that the outer skin of a spaoeship designed for landing 
must be made of a material having the maximum possible decomposition tempera* 
ture and requiring the maximum amount of heat for fusion or evaporation in 
order to avoid destruction. Moreover, the design should provide for measures 
of heat proteotion whioh will prevent the transfer of heat into the spaoeship 
to its equipment and orew, so that the temperature inside the spaoeoraft re¬ 
mains within the permissible limits. 


1 
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The values of the thermal fluxes and the surfaoe temperature, as well ae 
the amount of heat transmitted to the spacecraft during the desoent phase 
depend on the nature of its trajeotory defined by the value and on 

the load on the frontal area G/Sjg, 

The minimum intensity of the heat fluxes and the smallest values of the 
temperatures take plaoe with the most sloping trajectories, i.e., when <^ent“°* 
With an inorease in the angle of entranoe into the atmosphere, the intensity 
of the thermal fluxes and the temperature values inorease considerably. 

When the spaceship does not have any speoial devioes whioh substantially 
increases its resistance (frontal-area loading of the order of several hund¬ 
reds of kg/m 2 ), the maximum temperature on its surfaoe oan exceed the de¬ 
composition temperature (fusion or evaporation) of presently known materials 
and the intensity of the thermal fluxes oan reaoh tens of thousands koal/m 2 * 
see. 

Severe heating of the spaoeoraft is explained by the faot that in this 
oase the deceleration of the spaoeoraft is mainly at relatively small heights 
(40-50 km) where the density of the atmosphere is already sufficiently great. 

Let us imagine now that the spaoeoraft is equipped with speoial devioes 
whioh substantially (several tens or hundreds of times) inorease its frontal 
area and consequently the drag. 

We oan imagine suoh devioes to be, for example, parachutes made of speoial 
thermostable materials whioh open up before the desoent of the spaoeoraft. 

In this oase the intense deceleration of the spaoeoraft is started at 
large heights (70-80 km) and by the time of desoent the velooity of its motion 
is considerably reduoed. As a result the intensity of the thermal fluxes and 
the maximal values of the temperatures prove to be signifioantly smaller than 
in the preoeding oase. It is neoessary to note, however, that the oreation 
of strong braking devioes of thermastable materials is an extremely oomplex 
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technological problem. 

We will now ooneider the sooond variation of desoent, with the use of 
lifting surfaoes for developing lift foroes, the so-oallad gliding desoent. 
The lift foroe makes it possible in this case to maintain a small angle 
between the trajectory of the spaoeoraft and the local horizon, i.e., to 
make the desoent trajeotory quite sloping. As a oonsequenoe of this, de¬ 
celeration of the spaoeoraft mainly takes plaoe at large heights, in the 
rarsified layers of the atmosphere and over a long time. Therefore the in¬ 
tensity of the termal fluxes, the maximal temperature values, and the over¬ 
loads of the gliding spaoeoraft are considerably smaller than one whose 
desoent is over a ballistic trajeotory. For gliding spaoeoraft it is pos¬ 
sible to develop a design from existing materials whioh will not melt. In 
addition, by changing the lift foroe we can oontrol to some extent the 
desoent tranjeotoxy, thus ensuring a landing in a preassigned region. 

Thus are the main advantages of a gliding desoent whioh make it possible 
to ooneider that in the future gliding spaoeoraft will be the ohief means of 
descending to the surfaoe of the earth and other planets. 

We must note, however, the considerable teohnioal difficulties whioh 
stand in the pathway of realizing this means of desoent. A gliding craft 
hhould have an aerodynamio shape for its stability and oontrolability in an 
extremely wide range of velooities, from subsonio to hypersonic. Its design 
should preserve the preformanoe on heating of the outer skin to temperatures 
olose to 1500-2000*0. The eraft should be oontrolled by special automatio 
systems. For carrying out landing at aooeptable landing speeds it is neoes- 
sary to introduoe additional lifting surfaoes whioh open prior to landing. 
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Fig* 31. desoent trajectory of a spacecraft with a oiroular orbits 
B) earth's radius) h^) heirht of oiroular orbit) o) point of 
transition to the desoent trajectory) AV) velooity imparted to space- 
oraft for transition to desoent trajeotory) 1) section of desoent 
trajectory lying outside dense atmospherio layers) 2) atmospherio 
seotion of trajeotory with ball1stio desoent) 3) atmospherio sec¬ 
tion of trajeotory with gliding desoent. 

A comparison of the two methods of desoent examined above shows that 
the ratio of the weight of the payload to the total initial weight of the 
spaoeoraft during desoent with the employment of aerodynamic foroes is sig- 
nifioantly more favorable that with desoent using reaotive foroes. The 
weight of the means of heat proteotion, lifting surfaoes, and other elements 
of the spaoeoraft is less than the weight of the fuel needed for braking the 
oraft with Jet engines. 

In oonolusion we will describe the process of a desoent from oxblt of 
an artificial satellite (Fig. 31). Imagine that the desoent is accomplished 
from a oiroular orbit several hundreds of kilometers over the surface of 
the earth. For transition of the spaoeoraft, or its desoendlng part, into 
the desoent trajeotory it is neoessary to impart to it a oertain velooity 
AV in a direotion opposite to its motion in orbit. When AV equals 200-300 

an entranoe angle of several degrees into the dense layer will be pro¬ 
duced. Tbs motion in the atmosphere oan prooeed over a ballistio trajeotory 
2 or over a glide trajeotory 3. As a result of the aerodynamlo deceleration, 
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the velooity of the spaoeoraft is reduoed to several hundreds of meters per 
seoond, After this landing of the oraft must he oarried out, for whioh its 
velooity should he reduoed to a value whioh will assure a safe landing of 
the oraft and orew on the earth or water. For this purpose, besides a glid¬ 
ing landing, it is possible to use paraohutes or retro-engines for landing. 



Artificial Satellites and the Problem o£ Interplanetary Highte 

for the flret tine the question of the possibility of sending a ipace- 
•hip beyond the Unite of the earth*• atmosphere was theoretically solved in 
the beginning of the 20th century by the outstanding Bussian scientist K. X. 
Tslolkovskly, who proved that the Medina for space flight should be the rock¬ 
et. K. X* Tsiolkovekiy worked out a nuaber of probleas on Interplanetary 
flight, and was the first one to suggest the principle of the rocket working 
on liquid fuel atid laid thtt dcientlflc foundation ft* the poeeibllity of at¬ 
taining celestial velocities with the aid of eonpoond rockets. He is right¬ 
fully called the father of astronautics. 

At the tine when X. X. Tslolkovskly began his activity, in the beginning 
of the 20th century, there existed no real technological facilities for ac¬ 
complishing flights out into space. However, he finely believed in the power 
of the huaan mind. "Humanity will not remain only on the earth," he wrote, 
"but in striving for light and spsu:e, will at first penetrate timidly beyond 
the Units of the atnosphere, and then conquer all the space around the sun." 

At the present tine we are witnesses to a decisive step toward the ae- 
eonpllshnent of this grandiose task. 

The creation of the first artificial satellites and space rockets should 
be considered as a decisive practical step on the path to the accoapllshaent of 
Interplanetary flights for a nuaber of reasons. 

First, the launching of artificial satellites and space rockets narks the 
attaiment of a level of rocket technology at which it becoaes possible to at¬ 
tain the velocities of celestial bodies, such as are neceseary to aecoaplieh 
flights beyond the Halts of the earth's atnosphere. 

Secondly, the creation of successively aore perfected space equipment 
will aake it possible to solve all basic probloas in a practical way that are 
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connected with an extended stay of an in¬ 
terplanetary ship with people aboard oat 
in space. Together with this fact, the 
solution, for example, of such a problem as 
the releasing of people and equipment 
from artificial satellites, will prove 
to be at the same tine the solution of the 
problem of bringing back interplanetary 
travelers from a space flight. 

An<)finally, in accordance with mod- 
ern concepts, artificial satellites of 
the earth and planets are necessary as in¬ 
termediate stations in accomplishing Inter* 
planetary flights. 

Let us dwell in detail on this que»> 
tion. An analysis of the prospects for 
interplanetary flights loads most authors 
to conclude that it is impossible to ac¬ 
complish a flight evon to the nearest ce¬ 
lestial bodies (Mare, Terms) with the aid 
of a single rocket for a spaceship sotting 
out from the earth. 

The basic difficulties in accospllsl* 
ing Interplanetary flights can bo Illus¬ 
trated by examples of flights to the moon 
and to Mare. A diagram of such flints is given in Fig. 50. The orienting 

waives for the speeds which the rocket should attain on the different laps of its 
movement, and also the value for the tot •!, so-called charaeteristic velocity. 


Fig. 50. Diagram of interplanetary 
flight: 

Parts of flight: la—earth satel¬ 
lite leaving for orbit; Ib~flying 
away from orbit of earth satellite; 
list—transfer to orbit of noon (Mars) 
satellite; Ilb—landing on noon 
(NOrs); Ilia—leaving for orbit of 
moon (Mars) satellite; Illb—flying 
away from orbit of moon (Mars); IV— 
transfer to' orbit of earth satellite. 
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' n<<snmf*4v*».-ln Table 25 , 


Table 25 

Jolocity of Rocket'* Moveaent In night to Moon and Mar*. ka/Sec 

Required Telocity 

night earth— i 



noon—earth 1 


In leaving the earth: 

a) for coaing onto the orbit of 

10 . 0 * 

10 . 0 * 

the earth's satellite 

b) for flying «why from the orbit of 

the earth's satellite 

3.0 

3.4 

On landing on the planet: 

a) for transfer onto the orbit of 

the planet's satellite 

0.7 

2.0 

b) for landing on the surface of 

the planet 

2 . 0 * 

4.5* 

In flying away froa the planet: 

a) for coaing onto the orbit of 

the planet's satellite 

2 . 0 * 

4.5* 

b) for flying away froa the orbit of 

the planet's satellite 

0.7 

2.0 

In returning to the earth 

3.0** 

3.4** 

Total characteristic velocity 

21.4 

29.8 


•The value* presontsd for the velocity exceed the velocity of the movement 
of the satellites hy the value for the loeeoe caused hy the force of gravity 
oa the lap of the departing flight or tho landing. 

•*B*re one hae in aind the change* in the velocity which aeouro the tranaition 
onto a circular orbit located at an altltudo of eoae hundred* of klloaeters 
above the surface of the earth. TUrthor launching can bo accomplished without 
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the consumption of fool by taking advantage of aerodynamic forces. 

Iron the table it la eeen that the characteristic velocity in a flight to 
the aeon amounts to aore than 21 ha/sec, and in the case of a flight to Mara to 
about 30 ka/eec. 

An analysis cf the possibilities of roeket technology indicates that by 
asking use of 'he best cheaical fuels, or the aethods of the use of nuclear 
energy known at the present tiae, rockets which possess the characteristic vel¬ 
ocities shown should have an initial weight that would exceed aany thousands of 
tons. 

The creation of rockets of such great weight lies beyond the Halts of the 
technological possibilities of the near future. Therefore the accoaplishaent 
of flights to other planets by such a very staple scheae, which assuaes that 
the spaceship starts directly fron the surface of the earth, apparently is not 
within the reala of possibility , at least until such a tiae as there shall be 
found new aethods of obtaining reactive force which are different froa those 
used at the present tiae. 

However, there is another plan for accomplishing interplanetary flights— 
with the use of artificial satellites of the earth and planets as intermediate 
stations. The idea of using artificial satellites in the accoaplishaent of 
interplanetary flights was expressed by E. 1. Tslolkovskly and developed in the 
work of a number of his successors. 

One of the possible variants of Interplanetary flight can be presented in 
thle case la the following way t 

a) One creates an artificial satellite sowing in soae orbit around the earth 
at a sufficiently great altitude. Through successive tripe of soae roekete one 
acoeapliehes the transportation to the satellite of supplies of fuel and con¬ 
struction eleaente for building a space-ship. The assembling of the space¬ 
ship froa separate elements is accomplished on the orbit of the satellite. 
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first linf b) One accomplishes the flight from the orbit of the satellite of the 
darth to the planet which it the goal of the journey. The spaceship is con¬ 
torted into an artificial satellite of thle planet. 

c) With the creation in this way of an artlflcal satellite of the planet 
one accomplishes the flight to its surface and back again, for this flight 
one uses a part (one of the phases) of the spaceship. Another part of it, 
assuring the return later to the earth, continues in the meantime to move in 
the orbit around the planet. 

d) The flight is made from this orbit to the orbit of the artificial sat¬ 
ellite of the earth. 

The passengers are released with the necessary equipment from the 
orbit of the earth's satellite onto its surface. This lap of the flight can 
be accosqslished almost without the expenditure of fuel, basically by using ae¬ 
rodynamic forces. 

The apparent advantages of such a plant of Interplanetary flight are. 
first the possibility of accumulating on the artificial satellite of the earth 
considerable supplies of fuels and materials for assembling a space-ship of 
of sufficiently great dimensions and weight. When this is done each of the 
rockets accomplishing the transportation o' che necessary materials onto the 
orbit of the artificial satellite does not need to have too great an initial 
weight (for example, of the order of several hundreds of tons). 

In the second place a considerable reduction in the weight of that part 
of the space-ship which is to accomplish the landing of the cabin with the pas¬ 
sengers on* the planet which is the destination of the flight and the departure 
from it is attained. In accomplishing the flight by the first scheme the weight 
of this part of the spaceship would be several times as great, so that the 
useful load, outside of the cabi'. and passengers, would have to include also 
those phases of b* rocket neceseirv for the final return to the earth. 





first line One particular it that a tpaet ship accomplishing a flight between tha 

i Orbits of tht artificial tatollitot (to-called orbital thip) can utt engines 

| 

that lave a thruot considerably lot* than itt weight. This circumstances opont 
1 up tho real prospects for tha ata in Orbital thip of electroreactive anginas, 
and this salfes possible a considerable increase in tha useful load. 

Tor farther visual illastration af the advantages of accomplishing the 
interplanetary flights by the second ichene we present cooperative evaloatlons 

of the basis characteristics of the rock* 
ets for the methods of flight under con¬ 
sideration. Tor this purpose we make 
use of the formula (1.43) which deter¬ 
mines the ratio between the characteristic 
velocity of the rocket and the relation 
ship of its weight to the weight of the 
useful load with the options figure for 
Tig. 51. Ratio of the initial weight the phases. 

of the rocket to the weight of the Let us assuoe that the velecity 

useful lead as depends on the char- at the expiration of the rocket's 
acterlotlc velocity. reactive exhaust c amounts to 4000-5000 

a/sec, but the relative weight of the 

construction tfz 0.1, which corresponds to a very high stage of perfection in 
the construction of the rocket. 

The ratio of the initial weight of the compound rocket to the weight of 
the useful*lead as depends on the characteristic velecity in this case can be 
deteroined by the graph presented in Fig. 51. 

On the basis of this graph one can establish that, with a weight of useful 
lead (cabin with passengers and necessary equipment) 0 f 0 n s 10 fens and £ r 
4000 a/sec, the initial weight ef the rocket with the aid of which it is poo- 
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F/RsniM* 3 iOf#oeonplish the flight to the noon by the first echeae, should Mount 
to about 10,000 tone. for a flight to Hare under the eu« conditions one 
would need a rocket with a weight of nore than 180,000 tone* With £ 55000 a/sec 
the initial velocities would Mount tot for the flight to the aeon, about 
3000 tons and for the flight to Mare, about 25,000 tons. 

Let ue consider new what characteristics, under such conditions, rockets 
should have in accomplishing a flight by the second aethod. The basic charac¬ 
teristics of such rockets on the assumption of using engines with a final Tel¬ 
ocity of £ s 4000 a/sec with relative weight of the stages of the rockets 

the 

sf s 0.1 are shown in Table 26. Vith thle A ratio of the initial weight of the 

rockets, assuring the attaining of the necessary velocities on the separate laps 

is 

of the flight, to the weight of their useful load.^aleo determinable from the 
graph shown in Tig. 51. Troa the data given in Table 26 one eees that,in 
flights to the noon and Mars, the total weight of the fuel and the elements 
of the construction in passing froa the first to the second schMe for aeca»> 
pliihing the flight is reduced respectively by factors of 2 and 4*5. kith 
the second schMe the first lap of the flight can be realised through the 
launching of a nuaber of freight-carrying rockets vith a weight of soae hund¬ 
reds of tons sach, whersas with the first scheae of flight one has to create 
airshipe capable of starting froa the surface of the earth and peseeseing an 
initial weight of thousands and hundreds of thousande of tone. 

The data presented clearly show the advMtagee obtained by using ar¬ 
tificial satellites in Interplanetary flights. 

It is. not to be denied that the accomplishing of interplanetary flints 
with the use of artificial satellites requires the eolations of eoaplicated 
technical problMs. Among such preblMs in t he first place oae finds? the 
precise launching of a great naaber of transporting rockets to the orbit of 
the artlflclal-Mtelllte station , their approach tad the assMbling of a 
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Character lstlc.n o£ the Rockets for Accomplishing the Interplanetary nights 
with toe Us* of Artificial Satellites 


Basic Characteristics 

night earth— 

night earth— 

. 

■coin- earth 

Mars—earth 


Rodkets for delivering the parts of the space¬ 


ship to the orbit of the artificial satellite 
of the earth (flight lap la)* 


characteristie velocity, 

ka/sec 

10 

10 

initial weight (total), 

tons 

5.5*0 

38,*00 

overall weight of useful 

load, tons 

205 

1,*30 


Rocket for passing to the orbit of the arti¬ 
ficial satellite of the planet (flight laps 
Xb and XIa)* 


characteristic velocity, ka/sec 

3.7 

5.4 

initial weight,tons 

205 

1.430 

weight of useful load, tons 

61 

242 


Rocket for descending to the surface of the 
planet and ascending froa it (flight laps 
IXb and Ilia)* 

characteristic velocity, ka/sec 4.0 9.0 


initial weight, tons 37 193 

weight ef useful load (cabin, crew, and 

equipaent), tons 10 10 

Rocket for flight to the orbit of artificial 
earth satellite (flight Ups XXIb and XT)* 


characteristic velocity, ka/sec 3.7 5.4 

(continued on next page 


•Farts of flight shown in Fig. 50. 
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initial weight tons 

weight of useful load (cabin with crew and 

34 

59 

equipment 

10 

10 


spaceship out in space, navigation while accomplishing the flights between the 
orbits of the artificial satellites, etc. However, this way, at the present 
time, apparently proves to be thejonly one with real prospects for accom¬ 
plishing interplanetary flights. 

Looking out lato the future one can picture the basic stages by which mam- 
kind will accoapllsh flights to other celestial bodies: 

a) preparatory research of the basic problems of space flight with auto¬ 
matic artiflcal satellites of the earth| accomplishing space flights of rock¬ 
ets with automatically working equipment; 

b) the creation of artificial satellites of the earth with people on 

them and permanent artificial- satellite stations; detailed working out 

on them of all the basic problems of space flight; solvit the problems of 
releasing people and equipment from a satellite to the earth; 

c) the accomplishment by man of flights to the moon and nearby planets 
without landing on their surfaces; 

d) passing over to interplanetary flights; subsequent study of the dif¬ 
ferent planets of the solar system by the organisation of expeditions to them. 

from all that has been said it is apparent how great the importance of 
artificial satellites is for accomplishing flights to other celestial bodies. 
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Study of Interplanetary One 


The question concerning the nature and eouoentratlcn of interplanetary gas 
| is difficult to solve in the present statu* of astrophysies with the aid of obser¬ 
vations, conducted frost the earth's surface. This problem* vhleh has great sig¬ 
nificance for explaining the processes of the exchange of gas between an inter¬ 
planetary medium and the surfaee layers of the earth's atmosphere* and for stud¬ 
ying the conditions of propagation of t^ie sun's corpuscular radiation* may be 
solved with the aid of instruments* installed m rockets* which move directly 
j in interplanetary spaoe, j 

I [ 

fin the basis of data from observations of polarisation of zodiaoal light* 

f 

the study of propagation of the so-called whistling atmospherics (low-frequency 
electromagnetic oscillations, called electrical discharges), oan be taken as the 
* most accurate model of an interplanetary medium, the constituent parts of which 

I are characterised by the following featuresi 

stationary plasma with temperature T s 10 * K, containing electrons and pro¬ 
tons with energies V and velocities 71 

electrons W 2 0.87 *v, 7 — 6.3 .10* cm/sec 
protons W = 0.87 ev, 7 r 1.5 , 10 4 cm/see 
stationary plasma with temperature TxlO r K* containing electrons and protank 
with energies and velooltieai j 

electrons Vs0,8 ev. Vs 2.10* cm/sec 
protons Ws8*7 av, 7 = 4*7 . 10 4 en/aeo 

sporadic corpuscular flux, containing electrons and protons with energies 
and velocities! 

electrons W^T 25 ev, 7^:3. 10 < cm/sec 
protons V ^45 ev, 7.^3 . 10 * ea/see 
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particles of external radiation baits, with which tha aarth la rotated at 
distances of several aarth radii* vhioh primarily consist of alaotrons and protonsj 
haring energies and raloeitiaai 
! alaotrons V > 200 ar* T > 8*4 • 10 y en/sae 

| protons W > 200 ev, T > 2* 10 7 om/sec. 

Tor experimental rarlfieation of our presentations concerning interplanetary 
gas in tha region of tha aarth and far beyond its limits* so-called proton catcher i 
vara used on Soriat cosmic roekets* 

Va vill stop far a description of b* type of these proton* or ion catchers* 

! 1 

▲ Triple-electrode, ion catcher (fig. 6l) represents an instrument, composed! 


of a collector and two grids — internal 
tor froa the rerolring spaoc container. 


and external* which separate the collec- 
▲ negatiTe potential relative to the bodyl 


of the container Cp K ,is maintained at the collectori negative potential^ , the 
creating field, vhioh retards the photoe^ectrcns, which are emitted by the collec¬ 
tor* is maintained at the internal grid) at the external grid, potential <pp.ie 
maintained* positive* negative or sawtooth, depending on the designation of the 
eatoher* 


A varlatiag current* flowing in the collector's circuit of such a eatoher* 
can determine the flow density of these <xr any charged particles* which hit on 
the collector* ¥e can ’sort* these particles according to charge sigi and ener¬ 
gies* changing the voltage on the catcher's grids (or simultaneously applying seve¬ 
ral eatehers with different voltages on the grids) and taking into account the sigs 
of the total current* established by a flux of charged particles* hitting on the 
catcher's collector* 
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Fig* 6l* Triple-electrode ion eatchan 1— coll*ctori 2— internal gridj 
3 — external grid; 4— body of the container. 



Fig. 62 . Amplifying cascade. 

An amplifying cascade, by mans of which are produced the power of current^ 
in the olrouit of each catcher's collector, is indicated in fig. 62 . 

< 
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Biological Inteatigations 

I ! 

Biological investigations on altitude rookets and, especially on artifi- 
! eial earth satellites, are the most is*octant steps in preparing for aan*s fli¬ 
ght into cosmic space. To this factorj is related* the effect of overloads at 
the rocket's start, the state of welghilessness under free flight conditions in 
orbit, the effect of various radiations on the living organism, the state of 
I a highly-organised living being in a hematic cabin, and the adaptability of a 

to a cosmic flight. Investigations 
small pigs, rabbits, dogs and monkeys > 
Monkeys, as a rule, ascend in the rockets in a narcotic state, which significan¬ 
tly lowers the value of the conducted Experiment, Soviet physiologists e endue - 
! ted a series of successful experiments on dogs at the take-offs of geophysical 
rockets down to an altitude of 47° km# The experimental animals were safely re¬ 
turned to the earth, where their condition scarcely deviated from normal. The 
vast material accumulated by Soviet physiologists at take-offs of altitude roo¬ 
kets allowed for the making of o cap lets determined conclusions concerning the 
possibility of sending a living organism into oosmle space, 

i 

Biological investigations on artificial earth satellites were conducted 
to broaden our knowledge concerning the stay of a living organism in eosmio fli¬ 
ght conditions. In contrast to the biological investigations on altitude roc¬ 
kets, the artificial satellites are used to study the effects of prolonged in¬ 
fluence of accelerations, noise and vibrations at the launching of the satellite 
up to the moment of its exit to orbit and the prolonged state of weightlessness 
during orbital flight. 

Ter providing an animal with all the necessary living conditions during 
the eosmio flight, and also for registering an animal's physiological functions, 
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living organism to conditions, approximate 
in these direction* are conducted on mice. 





rig. 80. Pbysiologioal Apparatus Sat* 

1 — microphone; 2 — automatic pressure defies; >- autonomous recorder; 
first amplifying and distributing bloek; 5 — second amplifying and distributing 
block; 6 — Toltags conversion block; 7f- temperature elements; 8 — unit for 
measuring arterial pressure; 9 ~ breathing unit; 10 — unit for record//Vg motion. 
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of tbs physiological apparatus. 
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toy to fife 81, 


1. Units 

11* Amplifier 

2 * Respiration 

12 . Amplifier 

3 * Sleetrocardlograas 

13. Commutation block 

4* Oscillations 

14. Program device 

| 5* Body tesperature 

15. Ueotrical-feed sources 

6 * Movement 

16* Automatic pressure device 

! 7 * Murks 

j 

17* To radiotelematrle system 

8 * Pressure in cup 


9. Cabin temperature 


10 . Cabin pressure 

i 


The following apparatus is inserted 

I in the make -19 of the hermetlo cabin's 

equipment! a regeneration device with an 

i automatic system* a regulator of air 


temperature in the heraetic oebin, an automatic device for feeding end providing i 
water for the an leal, an attachment far fixing the animal's position in the cabin, 
and a net of physiological units together with an amplifying and commutation block J 
and as^pliflers. 

With the aid of the physiologleal Units, which are distributed on the an Inal 

(fig. 80 ), indices are recorded, characterising the state of respiration and bloodj 

I 

circulation of the animal in flight, and namslyi rates of heart contraction by 
means of recording the blocurrents of the heart) the amounts of maximum arterial 
blood pressure by the oscillation method at periodic reduction of the exposed in 
a carotid skin shred by means of a special cup. furthermore, the aeto^rapby method 
if used with the motion unit for making a Judfemnt concerning the animal'a motive 
activity* 
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Biocurrents art recorded by wans Cf silver •leetrodea, Inserted under the 
animal's ekln* The use of tensolytic rheoetat unite, applied In the for»* of belts 
cn the animal's ground cell, permits the respiration rates to be recorded. The os 
eillation unit, which converts pulse vibtatlons of the carotid walls In electrical 
oscillations by means of a piezocrystal, records arterial pressure, The animal's 
movements are recorded by a potenticantric unit. A block-diagram cf this appara¬ 
tus is presented in fig. 8l. 

For providing the animal's food under weightless conditions, speoial food 

I 

gelatinous masses are processed, containing the necessary quantity of water* 

A special sanitising unit is provided for the animal's functions. 

Sr means of extensive training under laboratory conditions and experiments 
conducted many tines a day, the animal is prepared for a flight cn an artificial 
earth satellite* 
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Second Soviet Cosmic Rocket. First Flight To The Moon 
The launching of the second Soviet cosmic rocket to the Moon tfas earried out 
on September 12.1959* The purpose ef the launching was to investigate cosmic space 
and realization of the first flight to the Moon.The last stage of the roeket weighed, 
after consumption of fuel, exactly 1511 kg. Control of the roeket along the final 
stretch was automatic- with a special control system. 

On the last stage in piggyback fasion rode the separable cosmic apparatus 

(capsule with scientific and radio technical equipment, the apparatus in its construe 

tion resembled the outfit mounted on the first Soviet cosmic rocket. Separation 

of the apparatus (capsule) was realized after disconnecting the power plant of 

small 

the last stage. Upon separation the capsule acquireilYadditional velocity relative 
to the rocket. 

The scientific instruments carried on beard the cosmic apparatus, securedt 
investigation of the magnetic fields ef the Barth and Moons 
investigation of radiation beads around the Earths 
investigation of intensity and cosmic radiation intensity variationss 
investigation of heavy particles in cosmic radiations 
investigation of fpsacus component of interplanetary matters 
investigation of meteoric particles. 

To transmit scientific information book to Barth and to measure the trajectory 
parameters tbs apparatus earried a radio transmitter .operating on a frequency of 
183.6 ms, as well as a radio transmitter.operating on frequencies of 39*976 and 
19*993 Signals of the latter cams in form of pulses of variable duration from 
0*2 to 0*8 see., following at repetition frequency of 1 t 0.15 e. 

The given temperature of (20-?5°C) was maintained by a thermo-control system 



and proper irtnut treatment of the ship' a anrfnni outar surface. 

In addition to the radio trananitters located in the separating cosmic apparatus, 
directly during the last stage was activated a radio transmitter operating on fre¬ 
quencies of 20.003 and 19*997 me. With the aid of this radio transmitter,emitting 
signals in form of telegraph messages with a duration of from 0*8 to 1*5 see.was 
carried out radio observation over the flight of the lest stage and data concerning 
cosmic radiation intensity were transmitted. During the last stage there was also 
a special device for the creation of an artificial sodium coamt. 

Total weight of scientific and metering devices carried on board the Soviet 
cosmic rocket together with the power sources and cosmic apparatus was 390.2 kg. 

The rocket oarried banners with the state emblem of the USSR and inscription 
■USSR, September 1939". Safety of the banners during encounter with the Moon was 
provided by proper structural measures. Steps were also taken to prevent contamina¬ 
tion of the lunar surface by terrestrial microorganisms. 

The flight trajectory of the second Soviet cosmic rocket (fig.103) was selected 
in such e manner that during its approach to ths Moca and at the moeMnt of 
smstsstrst tkrth s n M — encounter the Moon should be over observation points situated 
in the USSR, near upper culmination, i.e.thafc its elevation above the horizon should 
be at maTlim. The most favorable conditions for radio communication have been 
secured. 


See Page 81 a for Figure 103 


Fig.lQ3«Schematic drawing of the trajectory of ascend Soviet cosmic rocket 
1-orbit of Moonj 2-plane of rocket trajectory) 3- scintillation ef rocket) 

4-plane of lunar orbit) 5- position of Moon at the moamnt of rocket start. 


The selected trajectory.of hyperbolic type, secured the duration of the 




trip at about 36 hour a. The Telocity of notion of the rocket at the end of the 
separation section was somewhat higher than the local parabolic velocity. 

Tha selection of trajectory has been preceded by a greater mathematical opera- 
tion*carried out with the aid of high speed electronic computers. When asking the 
calculations in addition to the gravitational forces of larth and Moon it was found 
necessary to consider also the deviation of the terrestrial gravitational field 
from the central (as result of Barth's compression « shrinkage) and disturbing effect 
of solar gravitation. As result of ths calculations was established the optimum 
trajectory*offering naxinum value of useful load weight,and the moment of rocket 
blest-off has been selected* 

The necessity for accurately amintniaing the calculated blast-off time is 
determined by the circumstance*that at aglven flight direction the plane of traject— 
ory rotates together with the larth during its diurnal rotation around the natural 
axis* The blast-off of the second Soviet cosmic rocket was realised with extremely 
great acouraoy - deviation from the given moment of time constituted about one 
second* 

At 1500 hrs according to Moscow t/ms on September 12, 1959 the rocket was away 
from the ferth by a distance of 78*5 thousand km and was over a point,situated to 
the north of New Guinea Island* At about 2200 hrs of this very same day the distance 
between rocket and larth was 152 thousand km. 

At 21 hrs 40 ad* according to Moscow time,when the rocket was observed in the 
Ag uarlua constellation, approximately along the line,connecting the 

Alpha star of the Aquila constellation and alpha of Piscia Austrians con¬ 

stellation, the apparatus, installed on the last stags formed an artificial sodium 
comet* The artificial comet became visible at 21 hrs 48 min. .when the dimensions 
of luminous cloud of sodium vapors attained considerable magnitude* It was observed 



•nd photographed within a period of 5-6 minutes by many observers. 

On September 13, at 3 bra 20 min aee.to Moaeow time the rocket,aitautad at a 
diatanca of 200 thousand km fraa the larth, disappeared frea the zona of observation 
of the aetering points situated on the territory of the USSR. At 9 hrs of 
Septeaber 13 it appeared froa the radio horizon fraa eastern direction and the 
measuring points again began receiving scientific inferaatioa and continued with 
the radio aaasuraaanta. At that tiaa the distance between rocket and larth rose te 
230 thoueand ka« 

At 16 hrs .40 aim.of September 13, the rocket reached the sphere ef action of the 
Noon. It velocity of motion was about 2.3 km/see. Further on the velocity 

of its notion relative to the Moon kept on increasing continuously,having reached 
at the acasnt of coaing in contact with the Moon approximately 3*3 ka/see. 

At 0 hrs,o2 ain. 24 see Moscow tins on September 14 1959,the second Soviet 
cosaic rocket reached the surface of the Noon. The operation of the radio media, 
installed on the rocket,which functioned reliably all during the flight,was cut 
off at the a c aont it aade contact with the moon. 

The processing of observation data showed that the oonslc apparatus,mounted on 
the second Soviet cosaic rockot,desceade</ to the surface ef the Moon to the east 
of the YASNOST* (Brightness) sea near the Aristide crater, Arehlaedes crater and 
Avtollk crater. The seleaographle latitude of the point of encounter between 
apparatus and the surface of the Moon, according to obtained data, equals 30*, 
and sele^fpraphlc longitude equals zero. Deviation of the point of lunar contact 
from the center of the visible lunar disk is approximately 600 ka. At the aoaemt 
of encounter the trajectory of the apparatus was inclined tocard the surface of 
the Noon at an angle of 60*,The processing of obtained data shows that the lest 
stage of the rocket has also reached the surface of the Moon. 
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body. To the surface of the Noon were delivered banners with the emblem of the USSR. 
The sneeessful flight of the second Soviet cosmic rocket was one of the most impor¬ 
tant phases on the way of invest lasting the cosmic space and mastering of inter¬ 
planetary flights. 

Third Soviet Cosmic RockstAutomatic Interplanetary station 
On October 4.1959 the US3» launched the third cosmic rocket. The purpose ef the 
launching was the solution of many problems connected with studying cosmic space. 

The most important of these was the obtainment of photos of the surface on the reverse 
side of the Noon.inaccessible for ground observations. 

To solve these problems an automatic interplanetary station was constructed, 
and lifted with the aid of a mltletage cosmic rocket into orbit rounding the Noon. 
Having covered a distance of several thousand tm from the Noon in accordance with 
calculations, the automatic station under the effect of lunar gravitation changed 
its heading (course). Travelling next over a new elliptical erbit.roundlag the teth 
the station got away from it into the apogee at a distance of about 480 thousand km 
Such an orbit was extremely convenient for photographing the side of the Noon in¬ 
visible from the Sarth and for the transmission of scientific information to the 
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larth •• well. 


The last stags of the third Soviet cosmic rocket weighed 1553 kg (without fuel). 
The weight of automatic interplanetary station mounted on it was exactly 278,5 kg. 

In addition, the last stage of the rocket carried the metering apparatus with power 
sources of total weight of 156*5 kg. In this way the total weight of the useful load 
of the third Soviet cosmic rocket was 435 kg* 

Structural improvement and high accuracy of the control system of the multi* 
stage cosmic roeket.used far launching the automatic interplanetary station.made it 
possible to lift same into orbit, practically no different from the calculated one, 
which guaranteed successful execution of an entire oomplex of scientific investi^* 
tioas and obtainment of the first historical photos of the reverse side of the Moon* 
Arrangement of the Automatic Interplanetary Station 

The automatic interplanetary station - a cosmic apparatus,equipped with a 
complex arrangement of different devices. 

The basic systems,installed on board the interplanetary station* wares 
radio-technical syste^mrranting the measurement of station orbit parameters* 
transmission to Xarth of TT and tslsmstering information's well as transmission 
from larth of coamanda for controlling the operation of the equipment carried on 
board the stations 

photo-TT*ay stem Intended far photographing the Moon with subsequent automatic 
processing the film oa board the interplanetary station and transmission of obtained 
image over the TT channel to Barth* 

The complex of scientific devices for further Investigation of cosmic space * 
initiated on the first Soviet eoamic rocket*1 

special orientation system,providing orientation of the interplanetary station 
relative to the Sun end Mooa,necessary for photographing the invisible side of the 
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Mooni 


power supply system for the equipment carried on board the interplanetary 
station i 

temperature control system. 

Operation of station installations was controlled from ground points over 
a radio line and by autonomous programing devices carried on board the station. 

Such a combined control system is most convenient for carrying out scientifio 
experimentations and allows to obtain infaraat .on from any points of the arbit 

situated within limits of radio visibility from ground metering points* 

The automatic interplanetary station had the shape of a cylinder with spherioal 
bottoms (fig. 105).Maximum lateral dimension of station - 1200 m.length-1300 net 
(antennas not considered). 

The thin-walled airtight shell of the station was made of light alley. In it 
were situated the entire aerial equipment of the station and the chemieal power 

sources. On the outside was mounted a part of the scientific iastru/ients.antennas 
and sections of the solar batteries. 

In the upper bilge (bottom) was an illuminator with lid.opening automatically 
before the beglnniug of photographing. Under the illuminator are situated the lenses 
of the photo cameras and lunar orientation transmitters. On the upper and lower 
bottoms were also placed small illuminators for solar feelers of the orientation 
system. On the lower bottom are mounted power plants controlling this system (fig.106). 

The radio system of the Interplanetary station, as mentioned above, secured 
the combining of various functions into a single radio eoammnication lino. With the 
aid of the radio system were measured the movement parameters of the interplanetary 
station- distance, radial velocity and angular coordinates. In addition the radio 
system transmitted telemetering information,coming from scientific and control 
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devices, traasmieaion of TV signals and reception from the Barth of radio-commands 
according to which the connection and disconnection of various instruments on board 
the station was executed. 

▲11 these functions in line of radio communication with the station were carried 
out under continuous emission of radio waves ( in contrast to the wide picked up 
pulsed emission). Such a combination of functions in one radio line.working under 
continuous emission,was realized for the first time and it gave the possibility of 
securing reliable radio communication all the way to maximum distances at least 
energy losses on board the station. The total volume of information .transmitted 
over the radio line,by much exceeded the volume of information which has been trans¬ 
mitted from the first and second Soviet cosmic rockets. 


See page 87a for Figure 105 


yig.l05.Autonatic Interplanetary Station ( on assembly trolley) 

The radio apparatus of the interplanetary station included radio transmitters, 
operating on frequencies of 183.6 and 39*986 me. The flret of these served for 
controlling the orbital elements of the station,transmission of TV images and 
transmission of basic scientific information as well. ▲ part of the scientific 
information was transmitted with the aid of the second transmitter.Its signals 







Fig. 105. Automatic Interplanetary Station 
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came in fom of pulses (beeps) of variable duration from 0.2 to 0.8 sec.,repeating 
itaalf with a frequency of 1 - 0*15 o. 

The apparatus of the radio line was duplicated to increase reliability of 
communication. In ease of failure of any one of the radioteehnical devices on board 
the station it could be replaced by a duplicating device*switched an by transmission 
of a proper ccnmand from the control point on the ground. 

Special attention waa paid to maximum weight and dimension reduction of the 
instruments carried on board the station. In the radio installations were widely 
used semiconductors* ferrites and other modern radio elements. To economize on power 
the power emitted by radio transmitters on beard the station was fixed at several 
watts. 

The ground radio installations,situated at metering points, had powerful 
radio transmitters, sensitive receivers*cosBnuxd and recording devices as well as 
antenna systems of greater effective area. 

Some ideas about ths difficulties connected with the task of providing 
reliable radio cramwnlcation with interplanetary station, can be gained,when we 
take into consideration that the power received by the ground antenna at maximum 
distance between Barth and station, is approximately 100 million times smaller than 
the average power picked up by an ordinary TV receiver. The reception of such weak 
signals against the background of noise of cosmic radio radiation appears to be am 
extreaMly difficult problem and calls for the use of highly sensitive receiving 
deviees,with low level of natural (ligen) noise and known reduction in the rate 
of information transmission as well. In the radio line of the interplanetary ntation 
were used such methods of processing and transmission of signals on board the station 
and at ground metering points,at which the noise level was reduced to a maximum with 



retention of the perniseible rate of transmission, 


See page 89a for Figure 106 


Fig.106.General view of Automatic Interplanetary Station (Drawing) 
1-illuminator for pheto cameras; 2- power plant of orientation system; 3-eoler 
feeler; h-aolar battery section; 5-louvers of thermocontrol system; 6-thermal 
shields; 7- antennae; 8- instruments for scientific investigations* 

For photographing the Moon most appropriate was the system at which the pheto 
cameras were aimed by rotating the entire automatic interplanetary station* The 
rotation and maintaining the interplanetary station on the given course was realized 
by an orientation system. The basic elements of this system weresoptieal feelers 
(solar and lunar), gyroscopic feelers, logical electronic units and control motors. 

The orientation system wqs cut-in after the capsule drew closer to the Moon, 
et the moment when the station wau on an approximately straight line ( oonneetlng 
the Sun with the Moon. The Barth at that time was on the side from the Sun-Moon 
direction. The distance to thb Moan at the moment of cutting-in the orientation 
system was, according to calculation, 60-70thousand km. It was then possible to 
carry out lunar orientation by illuminating the station by three bright celestial 
luminaries - Sun, Moon and Earth. 




At the outset of its operation the orientation system first of all diacontin* 
ued the voluntary rotation of the automatic interplanetary station around its CO* 
which originated at the moment of treak*evay of the last stage of the carrier«rock* 
et. 

After ceasing the rotations of the station with the aid of solar feelers was 
carried out itB orientation relative to the Sun so that the lower bottom of the 
station was facing the Sun* At such a position of the station the optical axes of 
the photo oaneras pointed toward the Moon* 

The proper optical device*ln the focus of which neither the Zarth non the 
Sun could appear, then cut off the feelers for orientation on the Sun,aiming the 
photo casmraa of the station precisely toward the Moon. The signal coming from the 
optical device and announcing * presence ■ of the Moon initiated the start of auto 
antic photographing. During the entire time of photographing the orientation system 
provided continuous vectoring of the autoaatic Interplanetary station toward the 
Moon. Schematic drawing of the interplanetary station's orientation process ia 
shown in fig.107* 


See page 90a for Figure 107 


Fig.107 *Sc hematic of the process of orienting the interplanetary 
station toward the Moom 
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Pig. 107. Schematic of the prooess of orienting the inter¬ 
plantary station toward the Moon 
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After exposing all the frames the orientation system was disconnected. At the 
moment of eut off it imported to the automatic interplanetary station and ordered 
rotation with definite angular Telocity .selected so that, on one hand, to improve 
the thermal process, and on the other hand, not the affeet the functioning of the 
scientific equipment. The basic elements of the photo-TV system worst photo camera, 
automatic film processing arrangement, TV«epparatua, 

The photo-camera was prorided with two lenses with foeal lengths of 200 and 
500 ma and proper shutters 1*5,6 end 1*9,5. 

The Ians with 200 mm focal length gars the image of the lunar disk,fully fitted 
into the frame. The lens with 500 nm foeal length gave a large seals image of a 
part of the lunar disk. 

Photographing was done on a special 35 mn film, enduring high temperature 
processing, Fhotigraphing was done with automatic change in exposure of various 
frames to obtain negatlTss with most favorable densities and lasted for about 
40 minutes, during the time of which the reverse side of the Noon was photographed 
repeatedly. 

The entire process of photographing and film processing was executed automat¬ 
ically in accordance with a set program. 

To prevent fogging of the film under the effect of coemic radiation the system 
was provided with a speeial protection,selected on the basis of investigations, 
carried out with the aid of Soviet man-made satellites and cosmic rockets. 

After the photographing has been completed the film wae guided into a small 
alas automatic processing arrangsmsnt, where the development,fixing and drying 
were carried out. After this the film moved to a special box and waa being readied 
for image transmission, 

franamlsslon of tha lunar picture was docs by command from the Earth.These 
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commands cut-in the power of the station's TV arrangement,device for atratehing 
the film and the TV apparatus was eonneeted to the station's transmitters* 

To transform the images on the film negatives into eleetrie signals was applied 
the *trailslueense * method, analogous to the one used by TV-center for transmission 
of motion picture films t small size COT of high resolving power produced a bright 
luminous spot, which with the aid of an optical system warn pro jeeted on e photo 
film* The light, having passed through the photo film, fell on a photoelectric 
multiplier* which converted the light signal into an electrioal* 

The photic spot on the screen of the CRT moved in conformity with the control¬ 
ling electrical signals,produced by a special scanning arrangement* The image of the 
photic spot on the photo simultaneously moved across tha film, from one of 

its edges to another, after whioh it rapidly raatored itself into initial position 
to cant lane again its uniform movement across tha film* This secured "line* scanning 
of the image. The photo-film in itself movod slowly peat the CRT* which provided 
•frame* aoanning. 

The intensity of the light which peasad from the CRT through the film to the 
photoelectric mxltiplier, is determined by the density of the negative at this point 
at which the photic spot is situated* Vhen the spot travels over tha negative tha 
amperage In the photolectrlc multiplier changed in oonformlty with tha lav govarn 
lng tha changa in imaga density along tha line | in this way at tha output of the 
photoelectric multiplier was created an elactrlo 'image signal* rspsating tha law 
of nagatlva danslty change along the line of resolution* 

Amplification and formation of imaga aigaals ware realized with a specially 
developed narrow band stabilized amplifier* 

Sines the average density of tha nagatlva and image contrast have not boon 
exactly known before, tha amplifier was provided with sn automatic control dsvlea 
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providing compensate on for the effect of change in •▼•rag# density of the negative 
on tha output signal* Provided «i a Lao automatic brigtaaaa control of the traas- 
lucant tube,compensating for contrast changes* 

On tha fila vara praazposad teat aigna, parts of vhich vara davalopad on tha 
Karth, and tha remaining parts davalopad on board tha station in tha proeeaa of 
developing exposed frames with iaage of tha ravaraa aide of tha Moon* Theae signs 
vara transacted to Ssrth thus offering tha possibility of cheeking tha process of 
photographing, processing and transmission of iaage* 

The process of iaage transmission was carried out in two vayssaueh slower 
transuission at greater distances and nuch faster oae at shorter distances*whea 
drawing closer to the larth* 

Tha miaber of lines into vhich tha iaage vaa broken down could vary depending 
upon tha selected va y of transmitting. Tha anxlnum number of lines reached up to 
1000 per one fraas* 

To synchronise tha transacting and receiving scanning devices was 

employed a method*securing high interference resistance and operational reliability 
of the apparatus. 

Ghrouad reception of Moon iaage signals was realised on special devlees record* 
ing TV iaages in tape, on aagnetlc recording devices with great stability of the 
rate of notion of the asgnetic tape, on skiatrons (CRT with long lasting preserv¬ 
ation of iaage on the screen) and on open recorders with iaage regidtratlon on 
electro-chemical paper* Data obtained from all foras of rogistartion*vere used la 
studying the invisible part of the Moon. 

With the aid of a radio-TV apparatus,carried oa board the autoaatic inter* 
planetary station, transmission of iaages was realised at various distances all 
the way to a distance of 470 thousand taa. This gave experimental eenfiraatloa of 
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the possibility of transmitting in cosmic spsee over ultra-rsmots distances scad tons 
images of high definition without substantial specific distortions in the process 
of radio ware propagation. 

Power supply for the equipment on board the interplanetary statirn was furm 
nished from autonomous units of chemical current sources and from a central power 
system. In this system was included a solar battery* individual sections of which 
were situated on the outer surface of the interplanetary station* and a chemical 
buffer battery* The power output of the buffer battery during operation of beard 
equipment was compensated by the energy coming from the solar battery* Poveft to 
board equipment was delivered through transformers and stabilisers* 

The automatic temperature control system maintained stable temperature in the 
interplanetary station, securing heat transfer* of heat emitted by instruments, 
through a special radiation surface into the surrounding cosmic spaes .To control 
heat tranefar on the outside of the station body were installed louvers* opening 
the radiation surfaoa upon a temperature rise in the station to abenre ♦ 25°0* 

Plight of Automatic Interplanetary Station 

The operational characteristics of the orientation system and the conditions 
of radio cornual cation with the automatic intar planetary station required the 
selestloa of a proper flight trajectory* satisfying e aeries of specific requirements* 
Tor normal operation of the orientation system * as already mentioned* it was 
accessary* that ct the moment it began functioning the Noom*etatlom and Sun wars 
situated approximately on one straight line, with the station at that time at a 
definite distance from the Moon, 

In connection with the larger volume of information*transmitted from beard the 
interplanetary station to the larth* the flight trajectory had to make it possible 
for ground receiving points* rituated on the territory of the US£R,to obtain s 



amount of infornation already during the flrat turn and, particularly, at 


abort distances From the surface of the Berth* 

It was also highly desirable for seientifie investigation purposes to obtain 
a trajectory securing the movement of the interplanetary station in cosmos for quite 
a longer period ef time* 

As shown by investigations, the requirements can be best net when the gravitn* 
tional effect of the Hoorn is used for the formation of an orbit* A considerable 
effect of the Moon on the aoveaent of the interplanetary station can be attained 
only in the ease whan the attraction of the Moon is sufficiently high, i*e, when 
the station coats quite close to the Moon. To attain a given change in orbital 
characteristics the station aunt approach from a definite aide of the Moon* 

To fly around the Moon and return to Barth the velocity at the end of separation 
section should be somewhat lover than local parabolical velocity. In this ease the 
flight around the Moon can be carried out at various trajectories* 

If the flight trajectory passes at distances of several tens of thousands of 
kilometers from the Moon than the effect of the Moon le relatively lew and the 
movement of the station relative to the Barth will follow a trajectory close ts an 
elllpee with foous in the center of the ferth. But such trajectories for dlstawt 
flight around the Moon have a number ef serious shortcomings. First of all.whan 
flying at greater distances from the Moon it becomes impossible to direetly loves* 
tigate cosmic space in surroundings near it* On the other hand, when launching a 
rocket from the northern hemisphere of the lnrth, the return to Barth is from the 
side of the southern hemlspkere*whleh hampers the observations and reception of 
scientific information by stations situated in the northern hemisphere* Movement 
near the Barth during return is outside of the visi bllity ranges of the northern 
hemisphere* and that is why radio coamxii oation with station travelling near the 
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Barth oannot be brought into realization* And finally* thirdly* When coning back 
to Barth over such a trajectory the rocket entera the denae layers of the at* 
mosphere and burna up* It flight ia thus terminated after the firat turn* 

Using,for the formation of an interplanetary station orbit* the directed effect 
of luwar gravitation, when the etation paasea close to the Moon*will allow to 
attain an arblt*void of ahortcomings inherent of trajeotoriea for distant flights* 
The flight trajectory of the automatic interplanetary station passed at a 
distance of 7900 km from the center of the Moon and was selected with such consid¬ 
eration that at the aoamnt of saximun nearness (approach) the station would be 
to the south of the Moon* B eeause of lunar gravitation the trajectory of the an- 
toaatic station in conformity with calculation would bear northward* This deviation 
was so essential that the return to Barth took place from the side of the northern 
hemisphere* When the station came close to the Moon the maximim altitude of the 
station above the horison for observation points,situated ia the northern hemi¬ 
sphere increased from day to day (diurnal period to diurnal period)* There was also 
a corresponding increase in the time intervals .during which it became poeaible 
to attain direct eomaunieation with the station. When approaching the Barth the 
automatic station could be observed in the northern hemisphere as a nonsetting star* 
Airing return to Mrth daring first turn the station did not enter the atmosphe r e 
and did not disintegrate* but travelled at a distance of 47#5 thousand km from the 
center of the larth.moving along an extended orbit*elose in form to elliptical • 
Maximum distance between station and Mrth was 48O thousand km (fig*108). 

Blight of the interplanetary station close to Barth during the first 

turns took place at greater distances from its surfsee.where deceleration on account 
of atmospheric resistance was practically nil* If the movemsnt would have 
taken place only under the effect of the gravitational force of the Barth* the 


96 



automatic station would h*To become a satellite of the north with unlimitedly greeter 
life expectancy. 

The fact is that the tine of station's movement is limited as result of the 
disturbing effect of solar gravitation which produces a systematic reduction in the 
altitude of orbital perigee. Consequently, having completed a certain number *,f 
turns, the station during alternate return to Barth will enter the dense layers of 
the atmosphere and cancel ot't its existence. 

The magnitude of altitude reduction of the perigee per one rotation depends 
first of all upon the altitude of the apogee and can rise sharply during increaae 
of same. When selecting the trajectory of an interplanetary station it was necessary 
to tend that the altitude of the apogee should be possible lower and not by much 
exceed the distance from Barth te the Moon. It wan also necessary to seoure suffi¬ 
ciently greater altitude of the perigee during the first round trip ~f the station 
around the Barth. Upon the degree of fulfilling both these requirements depends the 
total number of tarns of the automatic station around the Barth and the tine of its 
existence. 

The influence of the Moon is not limited by this effect.which it produces in 
the period of first approach. Disturbances in the orbit of the station due to lunar 
attraction are not of such regular nature as are the disturbances due to solar attrac¬ 
tion. and depend to a large extent upon the period of rotation of the station around 
the ferth. The influence of the Moon can become substantial if during any of the 
following turns the trajectory of the automatic station will agiln pass quite 

close to the Moon. The nature of the station's movement can change here considerably. 
If the interplanetary station will pass around the Moon from southern direction.l.e. 
the approach will be of the very sane type aa the first one. then there will be a 
sharp increaae in tb^ number of turns and in the life span of the station.by 
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preserving the besic property of its trajectory- approaching the Xarth from direction 
of northern henisphsre* If the pass will be aade fro* the northern side then the 
altitude of the orbital perigee decreases* and in the ease of a sufficiently strong 
disturbance* the station say enter the terrestrial atmosphere during its next 
return to it* 

On these orbital loope,where there is no sufficiently close approach to the 
Moon* the Moon nevertheless exerts a certain influence on the movement of the sta¬ 
tion. In spite of the fact that lunar attraction is very small in this ease*but 
acting against a considerable number of trajectory loops, the attraction of the 
Moon exerts a noticeable influence on the movement of the automatic station*causing 
a reduction in the altitude of the perigee and cutting the time of station's 
existence in the orbit* 

The chart showing the movement of the automatic interplanetary station under 
the influence of simultaneously acting gravitational farces of the Barth.Moon and 
Sun is a highly complex one* The determinant factcr for the entire movement of the 
interplanetary station is the nature of its passing near the Moon during first 
approach* 

Since absolutely no correction is made in the movement of the interplanetary 
station during the trip and the entire flight is determined finally try the parameters 
of motion at the end of the separtion section* then the realisation of the above 
described trajectory of the station is possible only with an extremely accurate 
control system of the carrier rocket* 

It can be imagined that through the center of the Moon perpendicular with lartb- 
Moon line runs a plans*which we will caU the chart plans. The features of trajecto¬ 
ry passing relative to the Moon can be characterised by the position of ths point 
of intersection between trajectory and pictorial plane. 
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Fig. 108. Schematic drawing of flight trajectory of AIS. 

1- position of Moon at the end of AIS trajectory loop) 2- plane of AIS orbit 
after rounding the I'ipn. 3- Plane of AIS trajectory prior to rounding Moon; 
4- Position of Moon at the moment of rounding; 5- plane of lunar orbit; 6- 
position of Moon at the T.oment of rocket starting. 



Pig. 109. Flight trajectory of AIS. View f rom the side of Spring equinox 
joint . 1-plane of lunar orbit; 2- axis of Earth’s rotatibrrj--3- Equator; 
4- Earthy S- 
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Pig. 110. Flight trajectory of AIS . Projection on the 
plane of terrestrial equator 

1- Direction of solar rays during the photographing; 2- photographing 
reverse side of Moon; 3- orbit of Moon; 4- position of AIS and Moon o 
at zero hours universal time (3 o'dock Moscow time) during eaoh diurnal 
period from starting moment to 11 - 1 - 1959 } 5- direction toward point of 

spring equinox; 6- Earth, 



Calculations show that during deviation of ths intersecting point between 
trajectory and pictorial plane from the ncoinal (rated ) positien by 1000 km the 
min i m u m distance between Berth and station at the end of the first round may change 
by 5 • 10 thousand km, and ths time of returning to Berth* by 10*14 hours* 

Requirements for the accuracy at terminal point remain so rigid as in ths ease 
of striking. This is basically connected with the faot that errors in the velocity 
magnitude toward the end of termination point in the oaae of an elliptical round 
flight trajectory cause deviations in the intersecting point between trajeetory 
and pietorial plane which are 3-4 times greater than in the case of a hyperbolic 
trajectory.which are advisable to use during striking. 

The disturbing effect of the Moon when passing close to it intensifies ths 
influence of deviations of movement parameters at the end of the orbiting section 
on the nature of station* a movement during its return trip to Earth after the flight 
•round the Moon. That ia why evan tha slightest errors in determining these parameters 
lead to very substantial errors in calculating tha characteristics of motion of the 
AIS during its return to Earth. 

The trajeetory of motion of the AIS is shown in flg.i09.lll. 

On October 5, 1939 st 20 hr a Moscow tins the station was away at s distance of 
284 thousand km from the Earth. At 16 brs.l6 min on October 6 it wea at the shortest 
distance from the Moon.equalling 7900 km. 

Tha AIS coordinates during its further movement are given in table 29. 

Sets concerning the position of chip (AIS) during photogysphing.cstabllshcd as 
rssult of proosssing trajectory aeasuraaents.data necessary for tying down tbs 
dstcotcd objects on ths invisible side of the Moon.to the sclsnographic to ths coordlnats 
grid, are list"ed in tsbls 30* 
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_ WBtf.Ha 

Data 

ggscg^°f.?>f. g- us. mk 

Distance from Earth 

1 * it e movement a 
Inclination 

[g 1 . T9 MM 

Direct aaeant 

7A-59 g.ZOoh. 

417 


"**“ l6h32' 

8/X-59 g.20oh. 

448 

- 6°48' 

16h36' 

9/X-59 g.20oh. 

466 

- 2°36' 

1 oh40' 

1O/X-59 g.20oh. 

470 

1*23’ 

16h44' 

13/X-59 g.20oh. 

430 

13*54' 

I6h55’ 

16/X-59 g.20ch 

267 

34*53' 

16 h15' 

18/X-59 g.20ch. 

40 




Ihble 30,Coordinate of AIS whan photographing the Moon 



Date 

Moscow 

time 

Distance frcas 
center of Moon 

km 

Selenoarai 

latit 

phjg pr°i»tuv 

/ longit 

Beginning of photo 
graphing 

7/X-1959 

6h30* 

65 200 

16,9* 

117,6* 

Completed pheto 
graphing 

7/X-1959 

7h10' 

68 400 

17,3* 

117,1 * 


Broeessing of trajectory measurement# allowed to establieh that the AIS coaq>let 
ed in orbit about 11 tripa around th* Earth* 
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of 3odlum Vapor . 

A new original method for determining atmospherio density at great 
heights is the artifioial-oomet method developed by 3oviet scientists. This 
method utilises the phenomenon of the artificial radiation by oertain gases of 
individual speotral lines and bands (oharaoteristio of the given gas). This 
phenomenon is called resonance fluoresoenoe. As oaluolations have shown, 
sodium is the most favorable element for oreating an artifioial oomet. 

A sodium cloud whioh soatters the sun's rays is an exceptionally powerful 
source of light. A 1 kg mass of sodium vapors has a power of about 700 kilo¬ 
watts. 

An invaluable advantage of a sodium oloud is that it soatters light of a 
strictly defined wavelength^ • 0.589^,(the yellowish-orange region of the 
speotrum). This makes it possible, using suitable light filters, to observe 
the sodium oloud even when projected against a quite bright sky. 

This method was verified experimentally by a geophysical rooket sent aloft 
at 430 km, and by the first and second space rockets. Sinoe it is an absolute 
optioal method for observing the movement of objeots in spaoe, the sodium ocmet 
makes it possible to determine the thickness of the medium in whioh the arti¬ 
fioial oomet forms (Figure 116). Thus, the density of the atmosphere at 430 km 
was determined on the basis of the diffusion theory. 

The average displacement of a partiole due to diffusion is proportional 
to the mean free path (jC) and the number of collisions (n) in time ,ts 

(4.8) 

Noting that n • vt /£ (where v is the mean partiole velovity), we haves 

■ . | / >. ( 4 . 9 ) 

1 - 

The value 3 v X i* determined direotly from observation data, and 0.83 * 10'' 
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om / 800 • Por sodium atoms at a temperature of 1600* we have 
v ■ 1.5 • lO^ om/seo. 

Thus we get £ ~ 1.7 * 10^. But, on the other hand, 

i _ <♦•«) 

where n^ is the oonoentration of atmospherio atoms; and is the effeotive 
oross section of diffusion. Taking ^ - 3.85 • lO" 1 ^ g/om^, with an aoouraoy 
to 20 - 30 *, .. g.t ; (4-1l) 



Figure 116 . Various Stages in the Formation of a Sodium Cloud at A ,0 
Kilometers. 
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Considering that the composition of the atmosphere to 500 km is basioally nitro¬ 
gen and oxygen, we get for the density at 430 km, 


P ---= 4,7- iO -1 ® 


(4.12) 


A more aoourate quantitative oaloulation, based on solution of the differential 


diffusion equation, gives the following values* 

iii -- 2,5-10® cm'*, 
p ~ 6,7 • 10" ls j|/e.M 3 . 

The errors in these measurements are no more than 30$. 


(4.13) 
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Manoraeter Measurements of Density and Pressure 


In addition to determining the eharaoteristios of the upper atmosphere hy 
study of the deceleration of satellites, the diffusion of sodium vapor (artifi¬ 
cial oomet), and observations of the radio signals from satellites, the third 
Soviet artificial satellite was equipped to take direot measurements of pres¬ 
sure and density at various heights using ionisation and magnetio eleotrio- 
disoharge manometers. The experimental method was the same as described in 
Chapter II. Figures 117 and 118 show the apparatus aboard the third satellite 
for measuring pressure. 

The magnetic eleotrio-disoharge manometer (Figure 117) was designed to 
measure pressure in the range 10 - ^ to 10“^ mm Hg, and the ionisation manometers 
(Figure 118) measured pressure from 10”? to 10“^ mm Hg. 



Figure 117. Magnetic Manometer. Figure 118. Ionization Manometers. 
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To avoid the influenoe of ionospherio ions and eleotrons on the measure¬ 
ment results, the ionization manometers were equipped with speoial shields and 
traps. All manometers have avaouated and sealed flasks whioh are opened by 
speoial mechanisms after the satellite has been ejeoted into orbit. During the 
entire pressure-measurement time the amplifiers were periodically calibrated, 
the emission current measured, and the wall temperature of one of them was 
measured. 

A number of theorstioal and laboratory investigations were oonduoted dur¬ 
ing the preparation of the experiment. Much attention was devoted to determin¬ 
ing the gas release of the satellite} this was done by measuring the duration 
of the degasifioation of the structural materials, and also by developing 
methods to insure maximum hermetic sealing of the satellite. 

Because of the duration of the measurements made aboard the satellite, it 
was possible by means of the manometer readings to study the degasifioation of 
the outer surface of the satellite and to fix the time at whioh the gas release 
of the satellite begins to influenoe the measurement results. 

In determining the pressure from the readings of the manometers aboard the 
satellite, it was necessary to take into aooount its orientation in spaoe, its 
velooity, and the gas composition and temperature. 

For final interpretation of the manometer readings it was necessary to 
establish a relationship between the pressure inside the manometer, measured 
and transmitted to earth, and the pressure of the external medium. Suoh rela¬ 
tion oan be obtained theoretically by using the laws of moleoular aerodynamics 
(See Appendix 4). The pressure measured by the manometer is assooiated with 
the partiole concentration N at a given point in the atmosphere by the ratio 


,V : _ -1- , (4.14) 

where A is Avogadro's number; R is the gas oonstant; M is the moleoular weight; 
V is the velooity of tie satellite; ® is the angle between the velooity vector 
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of the satellite and the plane of the manometer aperture; is the temperature 
of the manometer wall. 

After determining N, we calculated the density and height of a uniform 
atmosphere t 


H 


Ah 

£3(lgtf"-lgAPJ > 


(4.15) 


where N” and N' is the oonoentration of partioles in a unit volume of the atmos¬ 
phere at two points, one 10 km above the other. 

Ve then oaloulated temperature Ti 

MgH 

T - R (4.16) 

and external pressure P« 

P - kNT (4.17) 

We used Formula (15) in Appendix 4 to oaloulate the orientation angle 6. 

Analysis of the obtained data, with oertain assumptions regarding the mean 
molecular weight U, made it possible to construct a oross section of the atmos¬ 
phere for 225-500 km; the structural parameters of this atmosphere are given 
in Table 32. 

The measurements were made for various times on May 16, 1958 (1300-1900 
hrs local time) and for various geographic latitudes (57 °N - 65 *N). 

The data in Table 32 are in good agreement with the density values ob¬ 
tained from the deceleration of satellites, the diffusion of sodium vapor, and 
the results of radio observations of satellites. 

Figure 119 gives the results of density measurements using all the indi¬ 
cated methods. 

Information on the density of the upper atmosphere (^ » 3 • 10 -1 ^ or.cm”^ at 
225 km), obtained from the deoeleration of the first artifioial earth satellite 
and from the diffusion method (^ » 6.7 • lO” 1 ^ g.om”^ at 430 km), has caused 

an essential change in our oonoepta as to the parameters of the upper atmos¬ 
phere. These measurements show that the density of the atmosphere at 220 km 
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Tabla 32 

Structural Parana tars of tha Atnoapbara at 225-5OO tan Altltuda 


Km.' 


>■1*' 

if. K.U 

r , *k 


r.mijj. 


C ., O |.| 0 » 

2 , 1210 -'* 

40,0 

936 

7 , 70 - 10 -* 

6 , 25 - 10 -* 

SM 

5,31 

1,79 

40,0 

938 

J5.88 

5 , 5.4 

205 

1,7 

1.7 

41,3 

941 

6,1 

4 

210 

4,17 

t ,42 

42,0 

946 

5,44 

4,4 

215 

3,71 

1,25 

42,8 

952 

- 4,88 

3,94 

250 

3,3 

l.l 

43,5 

958 

4,30 

3,54 

255 

2,01 

9 , 73 - 10 -M 

44,3 

904 

3,91 

3,17 

200 

2,04 

8,00 

45,2 

971 

3,54 

2,83 

205 

2,:’>0 

7,77 

10,0 

979 

3,19 

2,0 

270 

2,12 

0,83 

47,0 

987 

2,89 

2,35 

275 

1,01 

0,1 

47,9 

996 

2,03 

2,14 

280 

1,72 

5,44 

4 . 8,8 

1005 

2,39 

1,95 

285 

1,55 

4,87 

49,7 

1015 

2,17 

1,78 

200 

1,4 

4,30 

50,7 

1026 

1,98 

1,62 

205 

1 1 27 

3,93 

51,7 

1037 

1,82 

1,49 

.TOO 

1,15 

3,53 

52,7 

1048 

1,60 

1,37 

305 

1,07 

3,20 

53,7 

1059 

1,50 

1,29 

310 

9 , 57 - 10 * 

2,9 

54,5 

1072 

1,42 

1 , !7 v 

315 

8,73 

2,03 

55,9 

1084 

1,31 

1,003 

320 

7 , 9 S 

2,39 

57,0 

1097 

1,21 

1,0 

325 

7,31 

2,17 

58,1 

1110 

1,12 

9 , 28-10 » 

330 

0,7 

1,98 

59,2 

1124 

1,04 

8,02 

335 

6,17 

1,82 

00,3 

1138 

9 , 09 - 10 * 

8, i'll 

310 

5 , 0 S 

1,00 

01,5 

1153 

9,04 

7 ,:-.» 
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Tabl# 32 (oont. ) 





c; 


l 


T 



it. i.-.u 

r, °k 


\*- m % 


•“> 

1,52 

02,8 

1169 

8,90 

7,40 


4,82 

1,4 

01,8 

1185 

7,88 

0,58 

:}.j5 

4,40 

1,29 

05,2 

1200 

7,39 

0,18 

:>(>() 

4,C1 

1,10 

00,7 

1210 

0,95 

5,82 

: n ; r , 

8,80 

1,1 

68,1 

1237 

0,59 

;» 

:t;o 

8,50 

1,02 

09,5 

1257 

0,18 

5,19 

:i7') 

3,31 

9,11.10“ 

70,9 

1270 

5,83 


: im ) 

3,08 

8,72 

72,4 

1295 

5,51 

4,04 

:*. sr > 

2,02 

8,21 

73,9 

1305 

5,20 

4/4 

I'.'io 

2,0!) 

7,50 

75,2 

1335 

4,90 

4,19 

: vj .*> 

2,52 

7,07 

76,7 

1353 

4,71 

3,98 

•100 

2,8(5 

(5,0 

78,9 

1373 

4,47 

3,79 

403 

2.21 

G,1G 

79,7 

1393 

4,25 

3,6 

410 

2,08 

5,78 

81,2 

U17 

4,07 

3,46 

.115 

1,05 

5,41 

82,9 

1110 

3,83 

3,3 

4i:o 

1 ,S1 

5,09 

81,0 

1465 

3,72 

3,17 

425 

1,7! 

1,79 

80,3 

USD 

3,50 

3,04 

4:*.o 

1,(51 

1,51 

83,1 

1514 

3,43 

2,93 

405 

1,55 

4,25 

90,0 

1539 

3,29 

2,82 

410 

1,47 

• 1,03 

91,7 

1503 

3,17 

2,72 

415 

1,5!) 

3,8 

93,0 

1589 

3,05 

2,02 

450 

1,52 

3,6 

95,5 

1014 

2,94 

2,53 

455 

1,25 

3,4 

98,0 

1013 

2,84 

2,44 

4150 

1,19 

3,23 

99,9 

1G75 

2,75 

2,37 

4 G 5 

1 1,13 

3,00 

102,0 

1709 

2,66 

2,3 

470 

1,08 

2,92 

104,5 

1745 

2,6 

2,25 

475 

1,03 

2,79 

107,0 

1781 

2,53 

2,19 

•IV) 

9,82.10* 

2,05 

109,3 

1810 

2,45 

2,13 

4 S 5 

9,1 

2,53 

111,5 

18-15 

2,39 

2,08 

400 

8,97 

2,42 

113,9 

1SS0 

2,33 

2,02 

495 

8,01 

2,31 

110,5 

1917 

2,28 

1,98 

500 

8,21 

2,21 

119,0 

1953 

2,22 

1,94 
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is greater during the day than at night, and greater in the polar regions than 
in the equatorial regions. Data obtained from the first artifioial earth sat¬ 
ellites allow us to draw oonolusions only regarding the diurnal regime, as yet. 
The observed great deceleration of satellites oan be explained by the faot that 
the temperature of the upper atmosphere is higher than that determined in older 
"rooket models'*. 



This viewpoint is supported by extensive manometer measurements which 
make it possible to reliably determine the height of the uniform atmosphere at 
various levels in the upper atmosphere. Measurements showed that the height 
of the uniform atmosphere increases as the distance from the earth* this indi- 
oates a deorease in molecular weight K due to moleoular dissociation, and a 
gradual inorease in the temperature of the atmosphere. At 225-500 km the temp¬ 
erature wae 1200-20G0*K, 
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Maes-Speotromoter Measurements of the Ion Composition of the Upper 
Atmosphere. 

To measure the ion oomposition of the ionosphere the third Soviet satellite 
oontained a radio-frequenoy mass-spectrometer, the prinoiple of whioh has been 
oovered in Chapter II. The mass-speotrometer was designed to reoord ions with 
mass numbers of 6 to 50. Figure 120 shows suoh an apparatus. 



Figure 120. Radio-Frequency Mass-Speotrometer. 


In the period 15-25 May 1958 approximately 15,000 mass speotra were ob¬ 
tained at heights ranging from 225 to 980 km. The measurements were made in 
the Northern Hemisphere in latitudes 27-65°. The data obtained were for the 
daytime hours (0700-1100 hrs Moscow time). The mass number M of the peak was 
determined from the formula 


l ( v + 9 \ 

M - T\i-2Mm t V*l2< l k) * 


( 4 . 18 ) 


where V* is the value of the scan voltage at the moment of the peak)is the 
negative potential of the satellite; k Is the instrument constant; m Q is the 
mass of a hydrogen atom; £ is the ion oharge; and V is the satellite velocity. 

The main difficulty in deooding the data is in separating the basio (true) 
ion masses from the harmonio (false) masses. The data showd that at 225-980 km 
the most intense ion is the peak with mass number 16, i. e., an ion of atomio 
oxygen 0 + . The seoond most intense ion is that with a mass number of 14* i. e., 
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an ion of atomio nitrogen N 4 ”. 

In the region of the perigee there is a group of peaks with mass numbers 
32, 30 and 28. Most of these are peaks with mass number 30, i. e., a nitrio 
oxide ion N0 + . Peaks with mass numbers 32 and 28 are ions of moleoular oxy¬ 
gen 0 4 and moleoular nitrogen n£. If we oompare the intensity of all mass ions 
with that of an ion of atomio oxygen, the pioture is as follows! 

The ratio j n+ /Jq+ at 230-650 km varies from 1.3 to 8-10$, depending on 
height and geographio latitude (Figures 121 and 122)| the ratio of the inten¬ 
sities Jq+/Jq+ in the southern latitudes varies from 2.5 to 8$ at 250-230 km 
(to the perigee), while in the northern latitudes the peak of ions of moleou¬ 
lar oxygen can be traced to 400 km; the ratio at these heights J + /j ftif ^v'0.1$; 

2 

at 400-500 km the ratios and are praotioally identical, 0.2-1$. 

Above km no moleoular ions oan be found, and the ionosphere becomes purely 
atomio, with an aoouraoy to 0.1$, an oxygen-nitrogen atmosphere. 



0 Height, Vm 


Figure 121. Change of the Relative 
Intensity of the Ion Peaks of Atom¬ 
io HifMgts as a Funotion of Height, 
from the Data of Two Orbits on 
23 May 1958. 



Latitude, H 


Figure 122. Change of the Relative 
Intensity of the Ion Peaks of Atom¬ 
io Nitrogen vs. Qeographio Latitude, 
from the Data of Two Orbits on 
23 May 1958. 



Up to 250 km, the most wide-spread ions are N0 + ions whioh form, accord¬ 
ing to available information, as a result of the reaotion of oxygen ions with 
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neutral molecules of nitrogen, or as the result of the rcnotion of oxygen atoms 
with ionized nitrogen moleoules. Ion oomposition measurements made aboard the 
third satellite showed that at heights to 500 km there are molecular ions, 
while above 500 km there are only atomio ions. This result is important from 
the viewpoint of explaining the prooesses of ionization balanoe in the atmos¬ 
phere. Another interesting faot is the notioeable oonoentration of 0+ ions 
at heights of the order of 10D0 km. Hydrogen is not the basio (predominant) 
oomponent of the ionosphere right up to 1000 km, whioh changes our previous 
oonoepts. 



INVESTIGATION OP THE IONOSPHERE 


A study of the propagation of radio waves in the ionosphere, 
the extent of their abosrption, and determination of ionisa¬ 
tion of the upper atmosphere. 

Extensive materials with recordings of radio signals from artificial 
earth satellitee have been aooumulated. These observations were oarried out 
at points looated at different geographio latitudes and longitudes, by radio- 
direotion stations, by 1X>SAAP clubs, by a number of institutions of higher 
learning, and by thousands of radio amateurs. It is known that owing to the 
electromagnetic properties of the ionosphere, radio waves are propagated over 
very great distances. In this oonneotion'we oan point out one interesting 
phenomenon whioh was known earlier, but whioh was especially manifested clear¬ 
ly during observation of the signals of the Soviet artifioial earth satellites. 
This phenomenon is oalled the antipodal effeot and consists in the following! 
the power of the received signal inoreases at a point looated at the antipode 
of the transmitting station. Prom the reoordings of the results of the recep¬ 
tion of radio signals of the first satellite in the Antarotio, in the village 
of Mirnyy, we see (Figure 123) how the radio signals of the satellite were 
reoeived on a frequency of 20 Mo when it was in the region of Mirnyy and at 
the antipode to it, Suoh oases, when over a long period of time favorable con¬ 
ditions are realised in the ionosphere for "run-off" of radio waves to the 
diametrically opposite point on earth, are of ooneiderable interest. 

The measurements of the strength of the field of radio signals reoeived 
from the satellite are of very great signifioanoe. The results of measuring 
the field strength of the radio signals permits us to estimate the absorption 
of radio waves in the ionosphere, including those regions whioh lie above the 
main maximum of ionisation of the ionosphere of the F-2 layer, and therefore 
are inaooessible to ordinary measurements oonduoxed on the earth's surface. 
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These measurements also permit us to Judge the possible pathways for the propa¬ 
gation of radio waves in the ionosphere. The results of reoeiving the satel¬ 
lite's signals and the measurements of thoir levels show that these signals on 
the 15-m wave were reoeived over very great distanoes, far exoeeding the dis- 
tanoes of straight visibility. These distanoes reaohed 10, 12 and 15 and some¬ 
times more thousands of kilometers. 

Of espeoial interest is that a satellite oompleting motion about an ellip- 
tio orbit, ooeupies a different position relative to the main Pg maximum. When 
prooessing the material on radio observations we must take into oonsideration 
whether the satellite at a given instant of time is above or below the true 
height of the P 2 “aximum whioh is obtained on the basis of the high-frequenoy 
characteristics of the ionosphere reoorded by the ionospherio stations. If in 
the Southern Hemisphere the satellite moves above the layer, then in the 
Northern Hemisphere it is sometime above the ionisation maximum of this layer 
and at other times below it, and again olose to this maximum. Suoh conditions 
oreate a great diversity in the pathways of propagating short radio waves over 
considerable distanoes. 

We have already spoken above about the antipodal effeot in the propagation 
of radio waves. Another of the possible ways to propagate radio waves is their 
refleotion from the earth's Burfaoe having passed through the entire thiokness 
of the ionosphere with subsequent single refleotion from the ionosphere in 
those regions where the oritioal frequencies are sufficiently great. In other 
oases the radio waves striking at a oertain angle from above upon the ionosphere 
undergo an appreciable refraotion and thus penetrate the region lying beyond 
the limits of geometrio straight visibility. 

A satellite position olose to the region of maximum atmospherio ionisa¬ 
tion oreates espeoially favorable conditions for propagation of radio waves by 
ionospherio wave guides. In osrtain oases the radio waves arrived at the re¬ 
oeiving point, not over extreme distanoes, but by short-outting the earth over 
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a longer are of the great oirole. In individual oases we observed the phenom¬ 
enon of around-the-world eoho of radio waves. In some oases the measured 
values of the field strength proved to be larger than those oaloulated by the 
law of inveree proportionality of the first power of distanoe, whioh also pro- 
olaims the presenoe of ohannel wave guides in the ionosphere. 

The desoribed phenomena — the distortion of the pathways of radio-wave 
propagation, their refleotion, partial or oomplete absorption — are determined 
by the oonditions of the ionosphere and, in partioular, by the value of the eleo- 
tron oonoentration whioh is one of the main parameters of the ionosphere. 

Until recently the eleotron oonoentration was measured mainly within 
heights up to 300 km, i. e., below the prinoipal maximum of the Fg layer. The 
greatest value of the eleotron oonoentration, detected in the middle latitudes, 
reaohed 2-3 million eleotrons per 1 om^. In addition, the eleotron oonoentrat¬ 
ion inoreases with heighti at 300 km it is 10-15 times greater than at a 
height of the order of 100 km. 

With the development of artificial satellites, new possibilities were 
manifested for an effioient study of the ionospheric layers lying above the 
ionisation maximum. The observation method of "radio rising" and "radio set¬ 
ting" of the satellite was used to study the distribution of the eleotron oon¬ 
oentration with height. This method of radio observation oonsists of the fol¬ 
lowing. 

As the satellite moves around the orbit, the trajeotory of the signals 
being reoeived in the ionosphere between the satellite and the observation 
point has the form depioted in Figure 124 (curves 1,2,3). We assume that the 
satellite emitting radio waves of frequenoy&J pass over the observation point 
above the prinoipal m ax im um of the eleotron oonoentration of the ionosphere 
(By), the oritloal frequency of whioh f 0 is determined from the relationi 

: • (4.19) 

If CO ^ CO c , then the propagation of radio waves oloss to the optioal and the 

I 1 ? 




corresponding trajeotories are straight lines 1% 2*, 3') as is well known, 
the visible optio "setting" or "rising" is oharaoterised bj the faot that a 


light ray ooning from the observed body is straight, tangent to the observation 
point. 


1- satellite 

2- optioal setting 

3- radio setting 

4- max, horisontal range of 
reoeiving satellite signals 



Figure 124. Trajectory of Radio ffaves in the Ionosphere between the 
Satellite and the Observation Point. 

If the value ofC*3 is not very large, then owing to the ourve of the tra- 
jeotory of the wave in the ionosphere, the radio beam is not a straight line 
(ourve 3). Therefore, the "radio setting" ooours later than the optioal, and 
the "radio rising", conversely, is earlier than the optioal. Knowing now the 
height of the satellite and the oondition of the ionosphere up to its main 
maximum from the data of the ground ionosphere stations, we oan oaloulate the 
eleotron concentration above the main maximum of the ionosphere. The method 
indioated was used to work out the results of the radio observations at six 
points during 5» 6» 7 Ootober 1957. As a result the distribution of the eleo¬ 
tron oonoentration up to a height of 600-650 km was obtained. The eleotron 
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ooneentration in the outer ionoephere deoreaeee with height oonsiderably lees 
slowly than it inoreases in its lower part. Its rate of ohange is slowed hy 
about 5-6 and more times. Moreover, the data obtained permit us to oaloulate 
the value of the density of neutral partiolea (n). If we assume that for 
h ^ 400 km the life of a free eleotron reaohes 10^ - 10^ seo, then under 
q.uasi-stat ionary conditions, the ratio n/N has the value ^ n /^e where is 
the time between the individual aots of ionisation. Henoe 

n — ■ 


Value of Eleotron Concentration and Density of Neutral Partioles 

9yaiartJtaa the_Rey>raiigs of Bjadio, Signals_ 

Height Z t Eleotron Density of neutral 
taa cone. N, oa? particles a in cm* 


1,8-10 4 
7 10 s 


The resulte of the calculations are shown in Table 33 and in Figure 125 
(the values of n and N above 650 km were obtained by extrapolation). 



height Z, tan 


Figure 125* Curve of the Dependence of Eleotron Concentration of Iono¬ 
sphere on Height above Barth's Surfaoe. 
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Bsterttlnation of Concentration of Positive Iona in Upper Atmosphere , 
▲long with using radio methods, an experiment was set up on the third 
Soviet artifioial satellite for the direot measurement of the oonoentration 
of positive ions up to heights of 900-1000 km. For this purpose a speoial de- 
vioe was installed on the satellite having two ion traps (Figure 126). The 
prinoiple of the operation of suoh a devioe is oited in Chapter 2. Along with 
the oonoentration of positive ions, it permitted the determination of the 
potential of the satellite relative to the ambient medium. In the seotions of 
the orbit illuminated by the sun, the potential proved to be minus 1-7 v. The 
value of the negative potential of the satellite oan apparently be interpreted 
as the result of the effeot on it of fast electrons whose energy considerably 
exoeeds the average energy of the atmospherio partioles. 



Figure 126. Devioe for Measuring the Concentration of Positive Ions. 

As a result of treating the material obtained, graphs were plotted of 
the variations in concentrations of positive ions based on the orbital loops. 

The over-all view of the ourves obtained by different methods has the 
same oharaoter to heights of 660, 760, 800 and 900 km over the earth's surfaoe. 

Of greatest interest is the our re which shows the variation of the ion 
oonoentration up to 1000 km (Figure 127)* 
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height, km 


Number of electrons or positive 
ions per 1 om 3 . 

Figure 127. Curves of the Variation of Eleotron Concentration 

Obtained by Different Methods! l) first satellite, 5-8 Oot 1957, 

7 hr 40 min - 9 hr 40 min (radio signals)} 2) third satellite, 

19 May 1958, 11 hr 00 min (ion trap)} 3) high altitude rooket, 

21 Feb 1958, 11 hr 40 min (radio inteferometer). 

Starting at 850 km and higher we noted a considerable slowing down of the 
drop in the oonoentration of positive ions with height. The oonoentration of 
positive ions at 980 km is 6 • 10^ ions/om 3 provided that the ions are those of 
atomio oxygen. This assumption is experimentally oonfirmed by measurement of 
the ion composition at these heights. 

Ve oan assert with complete oonfidenoe that the oonoentration of about 
3.6 • 10 3 ions/om 3 is the lower limit of the oonoentration of positive ions at 
a height of about 1000 km. 

Petition jjf Elections with an Energy of about 10 kev in the Upper 
Atmosphere. 

One of the faotors of additional ionisation of the atmosphere are the 
oorpusoular streams moving from the sun — fast protons ,4 -particles, elec¬ 
trons, eto. These oorpusoular streams penetrate the earth's atmosphere mainly 
in the polar regions at high geomagnetio latitudes, whioh is explained by the 
effeot of the earth's magnetio field on them. 



121 





When the intense oorpusoular streams penetrate the upper layers of the 
atmosphere there usually take place the phenomena of polar auroras, the obser¬ 
vations of whioh have served until reoently as the main method of investigating 
oorpusoular radiation. The data obtained as a result of analysing the speotra 
of polar auroras permitted us to make the assumption that in the upper atmos¬ 
phere, owing to the variable magnetio fields generated by the interplanetary 
medium and by the solar oorpusoular streams, there oan be an aooeleration of 
atmospherio eleotrons to an energy exceeding the energy of the eleotrons in the 
solar oorpusoular streams. However, the oonstant presenoe of not especially 
hard oorpusoles — eleotrons even over the low latitudes was not assumed and 
was associated only with oorpusoular outbreaks in the zone of polar auroras. 

In experiment was set up on the third Soviet satellite for the direot 
detection of not especially hard eleotrons in the upper atmosphere. For this 
purpose a device was used whioh recorded the oorpusoles by means of a fluores- 
oent soreen and photomultiplier (Figure 128). The operating principle of this 
devioe was oited in Chapter II. The thin fluorescent screens of zinc sulfide 
activated by silver containing 2 mg/cm 2 of the substanoe made them insensitive 
to x-radiation generated by the eleotrons in the atmosphere and in the body of 
the satellite. To suppress protons with energies of several tens of kev, alum¬ 
inum foil sheets, containing 0.4 and 0.8 mg of the substanoe per 1 cm 2 , were 
plaoed in front of the soreen. 

by means of this devioe, not especially hard eleotrons with an energy of 
about 10 kev were deteoted direotly for the first time. They were recorded at 
heights from 470 to 1880 km over sea level. Their intensity during the daytime 
was greater than during the night. In addition, the intensity continuously 
changes, considerably inore&sed with height and over high geomagnetio latitudes. 
The least intensity was reoorded over the geomagnetio equator. The eleotrons 
deteoted, as a rule, were moving dose to directions perpendioular to the mag- 
netio lines of foroe. The ourrent densities developed by the eleotron streams 
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in directions perpendioular to the magnetic lines of foroe were in most oases 
an order greater than in a direction along and opposite to the magnetic lines 
of foroe. The ourrent density towards the earth is apparently somewhat greater 
than in the opposite direotion (Figures 129 and 130). 

The energy flux of not especially hard eleotrons at the threshold of the 
devioe's sensitivity was about one-millionth of the flux of solar energy im¬ 
pinging per unit area of the earth's surfaoe. When it exoeeds the soale of the 
devioe it is equal to approximately one-thoueandth of the energy flux of solar 
radiation. 



Figure 128. Devioe for Investigating Corpuscular Radiation. 

The eleotrons, thus recorded, oould not be direotly by solar corpuscles 
sinoe their velooity greatly exoeeds the velooity of the motion of solar oor- 
pusoles determined from the observations of polar auroras. They most probably 
oan be relegated to atmospheric eleotrons aooelerated in the outer atmosphere 
due to the variable geomagnetio fields. 

The new phenomenon deteoted is of great interest from the point of view 
of the physios of the upper atmosphere. It oan explain a number of anomalies 
in the ionosphere and be an additional souroe of heating of the upper atmosphere 
over the polar regions. 
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| Figure 129. Diagram of the position of the instrument in spaoe with an 

I indioation of the orientation of the sensors relative to the magnetio 

I lines of force. The intensity of the recorder's irradiation by part- 

ioles is shown in Figure 130 in polar coordinates related with the 
\ instrument. The polar angle characterises the axial direotion of the 

i sensor with the magnetio lines of foroe. 


( 
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Figure 130. Irradiation intensity of the reoorder with foil 0.8 mg/om 2 
by partioles relative to the orientation of the sensor with respeot to 
the magnetic lines of foroe (the intensity in conventional units is 
laid out along the radius). 

a) sensor reoording the oorpusoular stream ooming along the lines of 
foroe toward the earth; b) sensor reoording the oorpusoular stream 
ooming along the lines of foroe from the.earth. 
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A Study of Radiation Hear the Earth and in Oosmio Spaoe . 

The eeoond and third Soviet artifioial earth satellites, the oosmio ship- 
satellites, and oosmio rookets were equipped with apparatus for studying the 
radiation near the earth and in oosmio spaoe (Figures 131-133)* The prinoiples 
of oonstruotion of this apparatus are given in Chapter II. 

The measurements on the seoond sputnik were made with the aid of oharged- 
partiole oounters. 

The quantity of matter surrounding the oounters amounted, on the average, 
to 10 g/om 2 . 

During the flight of the sputnik over the territory of the Soviet Union 
the measurements were made on direot and inverse windings. The flying altitude 
of the sputnik on direot windings was 225-240 km, while on inverse windings it 
inoreased from 350 to 700 km, as the latitude deoreased from 65* to 40° North 
Latitude. The measurements of these altitudes made it possible to ascertain 
the dependenoe of the intensity of the primary oosmio radiation on the altitude 
and on the geographic latitude and longitude. 

Figure 134 shows the dependenoe of altitude of the ratio between the cos- 
mio-ray intensity on inverse windings and the intensity on direot windings in 
one and the same geographie points. From the diagram it is olear that at medi¬ 
um latitudes, as the altitude ohangee from 225 to 700 km, the oosmio-radiation 
intensity inoreases approximately 40^. This situation oan be interpreted in 
various ways. It may be that the inorease in intensity is due to a decrease 
in the shielding aotion of the earth and the effect of its magnetio field, which 
prevents oosmio radiation from penetrating to the earth. Nor is it impossible 
that the inorease in the oosmio-radiation intensity is related to the beginning 
of penetration into the radiation sons. 

Measurements of oosmio-ray intensity with respeot to latitudes are of 
great intereet in view of the faot that they enable ue to obtain new data 
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Figure 131* Cosmic-Ray Counter Installed on the Seoond Sputnik 



Figure 132. Cosmio-Ray Counter Installed on the Third Sputnik 



Figure 133. Luminesoenoe Counter Installed on the Third Counter 
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Figure 134. The Dependence on Altitude of the Ratio Between 
the Cosmio-Ray Intensities .on Direct and Inverse Windings, 
a) the ratio between the intensity at altitude H and the 
intensity at the'altitude 225 km* 



Figure 135* Reoording of High Intensity at High Latitudes 
on the Seoond Artificial Satellite, November 7« 1957 
a) oounting rate, pulse/seoj b) Uosoow time) o) North 
Latitude. 











Figure 136. Charaoteristio Heoording of the Counting Inten¬ 
sity and the Ionisation Aeoording to the Data of a Lumin- 
eeoenoe Counter 19 Uay 1958. 

1) ionization aooording to measurements of dynode current} 

2 ) ionisation aooording to measurements of plate current} 

3) counting intensity 

a) energy release, 10* ev/seo} b) pulse/seo} o) time (Mosoow) 



concerning the earth's magnetio field at great distances from the surfaoe of 
the earth. 

The lines of oonetant oosmio-radiation intensity (isooosms) plotted from 
the measurements on the seoond sputnik failed to ooinoide with the geomagnetic 
parallels. This attests to the faot that the oharaoteristios of the magnetio 
field at high altitudes differ from those obtained on the basis of magnetio 
measurements on the surfaoe of the earth. 

The measurements on the seoond sputnik reoorded short-period variations 
(fluctuations) in oosmio-radiation intensity apparently related to the state 
of the Interplanetary medium near the earth. In one oase a sharp inorease 
(50^) in the number of oosmio-radiation partioles was noted (Figure 135), at 
the same time that stations on the earth deteoted no notioeable ohanges in 
radiation intensity. It may be that this inorease was oaused by an intrusion 
of the sputnik into high-energy eleotron fluxes (related to oorpusoular solar 
radiation) or by the generation on the sun of low-energy oosmio rays, which 
are strongly absorbed by the earth's atmosphere. 

The third Soviet artifioial earth satellite was equipped with a consider¬ 
ably more sensitive apparatus, a luminesoenoe counter (see Figure 133). 

The oounter oonsists of a oylindrioal orystal of sodium iodide and a 
photomultiplier with a photooathode. This devioe was used to measure 1 

the event-oounting rate, when the pulse oorresponded to an energy release 
in theeity’stal of more than 35 kev| 

the plate ourrent of the photomultiplier} 
the ourrent of the intermediate dynode. 

The last two parameters oharaoterise the total energy release in the orys¬ 
tal per unit time, whioh makes it possible to determine the total ionisation 
in the orystal. The operation of this oounter and its oirouitry are described 
in Chapter II. 
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The measurement data from the luminesoenoe oounter were transmitted to 
earth by means of a '*Mayak M radio transmitter on a frequency of 20 Moj this 
transmitter operated uninterruptedly during the flying time of the sputnik. 

The "Mayak" transmitter transmitted information by ohanging the length of the 
telegraph pulses, the configuration of whioh is shown in Figure 83 . 

From the readings of the oounter it was established that in all oases with¬ 
out ezoeption, when the sputnik entered the field of geomagnetio latitudes 
55-65*t either in the Northern or the Southern Hemisphere, a sharp inorease 
was noted in the intensity of the X-ray radiation, whioh is oreated by elec¬ 
trons bombarding the housing of the sputnik. The energy of these electrons 
is about 100 kev, or less, while their fluz has a value of 10^-10^ partioles/ 
om * seo • ster. 

Figure 136 shows a oharaoteristio reoording of the oounting intensity and 
the ionisation. The lower represents the oounting rate, while the upper curves 
represent the ionisation aoeording to measurements of the dynode and plate our- 
rents. The results of the measurements indicate that the reoorded ionisation 
value is several times greater than the ionisation oaused by ooemio rays. This 
is also borne out by the readings of the dynode and plate currents, the differ¬ 
ence in the measurements of whioh is not great. 

Figure 137 shows a geographical map, on whioh the places where the sputnik 
enters the sone of high intensity are indicated by dots, while the plaoes 
where the sputnik emerges from this sone are indicated by crosses. The dashed 
line indicates the geomagnetio parallel. As can be seen from the diagram, the 
sone of high intensity is not symmetrical with respeot to the magnetic pole. 

In the tests we are describing it was also established that the radiation 
intensity increases with altitude. This faot indicates that in the sone of 
polar auroras there ooours an accumulation of charged partioles, whioh osoil- 
late along the lines of foroe of the magnetic field. 


131 



Thus the teete on the third artificial earth satellite prove beyond a 
doubt the preeenoe of an intenee radiation zone, whioh is oalled the outer 
radiation belt around the earth. Prom this it follows that the earth’s mag¬ 
netic field is for low-energy oharged partioles a unique trap, in whioh the 
partioles oan move along praotioally olosed trajectories for a very lone time. 



Figure 137. Map Showing the Places where the Third Sputnik Entered 
(dote) and Emerged from (orosaes) the Outer Zone on the Low-Latitude 
Side. 
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Figure 138. Configuration of the High-Radiation Zones Surrounding 
the Earth. Solid Line is the Trajeotory of Motion of the Cosmio 
Rooket. 

a) outer tone) b) inner sons 


The oonditione for aooumulation of partioles are not fulfilled at latitudes 
greater than 65 *, and therefore the regions adjacent to the poles are free of 
radiation. 
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Figure 139* Characteristic* Recording Made by a Luminescence Counter 
in the Southern Hemisphere, 
a) ev/seo 

In addition to the outer radiation aone around the earth, there exists an 
inner radiation sons, looated in the region of the equator at an altitude of 
-1000-2000 km (Figure 138). 

Detailed data concerning this zone were obtained with the aid of the third 
sputnik. In Figure 139 we have reproduced one of the recordings of readings 
of the oounter) it was obtained in the Southern Hemisphere at the altitudes 
1600-1100 km. 

The measurement data indicate that as the sputnik moves toward the equator 
the radiation intensity increases sharply, in spite of the decrease in the alti¬ 
tude of the sputnik from 1600 to 1100 km. The latitude plays a significant 
role in this prooess. It was found that oharged partioles of the inner zone 
fill the region from 35* south geomagnetio latitude to 35* north geomagnetio 
latitude at an altitude of approximately 1000 km. The altitude of the lower 
boundary of the inner zone was found to be different in the Eastern and Western 
Hemispheres* in the Eastern 1500 km; in the Western 300 km;. This is due to 
the shift of the magnetio dipole relative to the oenter of the earth. An anal¬ 
ysis of the data showed that protons with an energy of the order of 100 million 
ev are most oharaoteristio of the inner zone. 
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Purthor study of the outsr radiation zone took plaoe during the flights 
of Soviet oosmio rookets. 

The first oosmic rooket reoorded the radiation intensity near the earth, 
and the oosmio radiation with the aid of two Oeiger counters and two scintil¬ 
lation oounters. 

The first device oontaining a sointillation oounter was similar to the 
devioe installed on the third sputnik. It was used to measure the number of 
events with the energy threshholdsi 1-45 kev} II - 450 kevj III - 4.5 Mevj 
IT - total ionization. 

Both Oeiger oounters and the first sointillation oounter were located in¬ 
side an aluminum easing 1 g/om 2 thiok. Approximately 20# of the total solid 
angle was shielded by material of the order of 10 g/om 2 . The second sointil¬ 
lation oounter was looated outside the shielding oasing. The scintillator, 
whioh was 0.3 g/om 2 thiok, wsb oovered on the free-spaoe side with aluminum 
foil 1.9 mg/om 2 » This devioe reoorded only the total ionization in the orystal. 
The measurements were made at distances of 8 to 150 thousand km from the oen- 
ter of the earth. As a result of the measurements, the spatial distribution 
of the outer zone was obtained, and the oomposition of the radiation in the 
outer zone was studied in more detail. It was found that the effeotive energy 
in the regions of the maximum is approximately 25 kev, while on the boundary of 
the sone it is approximately 50 kev. 

A comparison of the readings of all the instruments installed on the first 
oosmio rooket enables us to establish that the maximum intensity is reached at 
a distanoe of 26 thousand km from the oenter of the earth. At a distance of 
55 thousand km the radiation intensity is practioally equal to zero (in rela¬ 
tion to the baokground of oonstant oosmio radiation). In addition to depend¬ 
ing on the distanoe, the radiation intensity is determined to a large extent 
by the magnetic line of foroe on whioh the measurement is made. It was found 
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that the partiole flux is not unidireotional. The p&rtiolee oscillate along 
the magnetio lines of force from one hemisphere to the other, undergoing, total 
refleotion upon approaohing the earth, aooording to the laws 

- const, (4.20) 

where 0 is the angle between the velocity vector of the partiole and the mag- 

netio-field veotor at the given point of the trajeotory. 

Thus the outer zone, aooording to the data of the first oosmio rooket, 
must be oonoeived of as being looated in the spaoe between the magnetio lines 
of foroe 55* and 67 *• The maximum intensity is observed on the line of foroe 
62* (Figure 140). Beyond the limits of the outer zone (66 to 150 thousand km) 
the first oosmio rooket measured the primary oosmio radiation, whioh is unaf- 
feoted by the earth's magnetio field at suoh distanoes. This means that either 
the earth's magnetio field "disappears'' at. distanoes of 10 earth radii, or that 
there are no particles in the cosmoo, whioh oould be deflooted by a magnetio 
field of the order of 3 • 10”4 oe. 

The flux primary ooBmio rays amounts to 2.3 * 0.1 partioles/om 2 * seo. 

The photon intensity in the interval 45 * 450 kev is 3.2 * 0,1 photons/om 2 • seo 
and is 1 * 0.1 photons/em 2 * seo in the interval 450 * 4500 kev. The energy 
flux of the photons is very small and makes praetioally no oontribution to 
ionization (see Figure 140). 



Figure 140. Trajeotory of motion of the first Soviet Coemio Rooket in 
geomagnetic coordinates. The liosoow flying time and the radiation 
intensity (vertical lines standing on the trajeotory) at a given point 
(according to ionization measurements in a sodium-iodide orystal) are 
indicated along the trajeotory. The magnetio lines of force inter¬ 
secting the surfaoe of the earth at the geomagnetic latitudes 50 , 55, 
60 , 65 end 70* are shown. The outer belt is denoted by hatohing, the 
inner belt by dots. 






Various devioes wore installed in the seoond ooemio rooket, their use made 
it possible to oonduot investigations even deeper into the outer zone, and also 
studies in which radiation bands were discovered aroung the Moon. The appara¬ 
tus consisted of gas-disoharge and scintillation oounters. They were installed 
inside as well as outside the housing. 

Inside the housing one sointillation oounter was installed to reoord comp¬ 
lete ionization and the pulse-oount rate (the pulses corresponded to energy 
liberation in a crystals I ^ 60 Kev, II 2 600 Kev, III 2 3.3 Mev, and two gas- 
disoharge oounters with additional shielding} one oounter had a oopper shield 
1,3 m thiok, and the other a lead and an aluminum shield) 3 and 1 mm thiok 
respectively, ill three instruments were looated in a shell with a thiokness 
of 1 g/om 2 aluminum. In addition, about 20 $ of the total solid angle was 
oovered with a substance 10 g/om 2 thiok. 

Two sointillation oounters were installed outside of the housing. One 
recorded complete ionisation and was olosed from the free-spaoe side with alum¬ 
inum with a thiokness of 1.2 mg/om 2 , the other recorded complete ionization 
and the pulse-rate count corresponding to the energy liberation» I 45 Kev, 

II £ 450 Kev. The orystal of this oounter was shielded with 1 g/om 2 aluminum, 
and only about 5 $ of the total solid angle was oovered by a greater quantity 
of the substanoe (^—10 g/om 2 ). Three gas-disoharge oounters were also mounted 
outside the housing. The first was shielded with 3 mm of lead and 1 mm of 
aluminum having a window with an area of 2.8 om 2 , the seoond had the same kind 
of shield, but the window had an area of 1.6 om 2 t shielded with oopper foil 
0.2 mm thiok, the third had the same shielding and a window with an area of 
1.6 om 2 , shielded with oopper foil 0.5 thiok. In addition, all three win¬ 
dows were shielded with aluminum foil 0.2 mm thiok. The wall thiokness of all 
three oounters was 50 mg/om 2 of stainless steel. The seoond and third gas- 
disoharge oounters, mounted outside the housing, operated only in the high- 
intensity sone. Ifter leaving the high-intensity sons, the telemetry ohannels 
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transmitting data from the gas-disoharge oountere were switohed to the trans¬ 
mission of information from the sointillation counters. 

Putting this apparatus on board the second oosmio rooket made it possible 
to obtain new information on the three-dimensional looation of the outer radi¬ 
ation gone. 

Figure 141 shows the position of the maximums of the high-intensity sons 
aooording to data from the first and seoond oosmio rookets. As has already 
been stated) the maximum of the outer radiation zone of the Seoond of January 
was observed at a distanoe of 27)000 km on a line of foroe of 62*. On the 
12th of September the maximum was observed at a distanoe of 17)000 ku from the 
oenter of the Earth on a line of foroe of 59*. The reasons for this may be 
varied. In the first place, the different trajeotory positions on the 2nd of 
January and the 12th of September relative to ihe direction on the 3un, which 
oould have caused a systematic deformation of the Earth's magnetio field) in 
the seoond plaoe, the deformation of the belt oould have been due to the vary¬ 
ing nature of the oorpusoular currents and therefore, due to the varying nature 
of injection of partioles into the radiation zone. The differenoe in the speo- 
trum of partioles reoorded on the 2nd of January and the 12th of September 
speaks in favor of the latter case. 

The results of measurements of the particle composition of the outer belt 
on the seoond oosmio rooket support the data from the first oosmio rooket that 
partioles with a path of several g/om 2 are absent in the outer radiation belt. 
Essentially new data were obtained from the readings of gas-disoharge counters, 
installed inside the housing and shielded with additional filters of oopper 
and lead. Both oounters reoorded photons with energy greater than 400 Kev. 

An analysis of the readings of the gas-disoharge oounters allow it to be as¬ 
sumed that there exist two separate groups of partioles) eleotrons with ener¬ 
gies of 20 Kev and eleotrons with an energy of 2 Kev (or protons with an energy 
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of 10 Hot)* Apparently the formation moohanisa* of both group* are essen- 
ttally different. 



Figure 141* Maximum of the High-Intensity Zone Aooording to Data 
from the Firat and Seoond Coamio Roolceta. 



Figure 142. An Instrument for Measuring the Quantity of Heavy 

Nuolei* in Coamio Radiation. 

On* of the moat important problems in launohing the rooket on the 12th of 
September mas the disoovery of the Moon's radiation belts. The result is nega¬ 
tive 1 In approaohing the Moon up to a distano* of 1000 km from its surfaoe, 
the inorease in radiation intensity of 10$ of the oosmlo background is not 
detested. 

Thus, it may be assumed that for all praotioal purposes there are no Lunar 
radiation belts. 

Apparatus for measuring heavy nuolei in primary oosmio radiation was 
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installed on the third artifioial Earth satellite and the oosmio rookets. k 
Cerenkov counter served ae the eensitive element of the instrument} it consist¬ 
ed of a plexiglass deteotor and a photomultiplier. One of these instruments 
is shown in Figure 142. 

The determination of the oharge of a partiole wae made in the Cerenkov 
counter by measuring the intensity of luminesoenoe, whioh is proportional to 
the square of the oharge, (See Chapter II). 

The instrument installed on the third artifioial satellite reoorded the 
nuclei with kinetic energy greater than 3*10® ev/nuoleon. The instrument was 
adjusted to record two groups of nuoleii with a oharge greater than 13 to 20 
and with a oharge greater than 30 to 40. Prooessing of the data on the oper¬ 
ation of the instrument for 9 days showed that 1.22*0.8 partioles with Z> 15 
to 20 per minute passed through the instrument on the average. Only one oase 
of the wear of a channel, tuned to Z 7 30 to 40, wae noted in the oourse of 
the 9 days. This evaluation showed that the maximum number of nuolei with 
Z 30 to 40 paseing through the Cerenkov counter did not exoeed 1 to 3. Henoe 
it follows that a stream of nuolei with Z > 30 to 40 makes up not more than 
0.03# of a stream of nuolei with Z 715 to 20. Thus, it should be assumed that 
the stream of heavy nuolei is small, and that the indioation of the existenoe 
of a stream of nuolei with Z 7 30, comparable with a stream of nuolei of the 
iron group in magnitude, is not supported. 

Cerenkov oounters for reoordlng aplha partioles and nuolei with Z 7 5 and 
Z ^15 were installed on the seoond oosmio rooket. The oounter for recording 
alpha partioles was located outside the hermetically sealed housing, the others 
mere IgpMs it. The thiokness of the shell of the housing did not exoeed 
1 g/om 2 of aluminum. The oounters reoorded nuolei with a total energy greater 
than 1.3*10^ ev/nuoleon. The ohannela along whioh the information on nuoleus 
reoordlng was transmitted were designed For determined threshold values of 
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energy, bat count* of alpha partlolea and nuolei with Z ^ 5 and Z >> 15 oan be 
made by them* 

In addition to the nuoleus-oount ohannels, there was a channel for record¬ 
ing the intensity of all oharged partioles in the radiation belts, the eo-oalled 
radiation indloator. The radiation indioator, besides reoording low-energy 
oharged partioles (eleotrons with an energy of 15 to 20 Kev) oreating X-ray 
radiation in the shell of the housing to whioh the photomultiplier of the Cer¬ 
enkov oounters were sensitire, oould also reoord eleotrons passing through the 
shell of the housing and haring a kinetio energy greater than 2 Mev. Protons 
and nuolei with a total energy greater than 1.3*10^ er/nuoleon were reoorded 
by Cerenkov radiation. 

Figure 143 shows the oourse of radiation intensity reoorded by the radia¬ 
tion indioator as a funotion of distanoe. Curve 1 was obtained during the 
flight of the first oosmio rooket and attests to the presenoe of a maximum 
radiation intensity at distanoe of 22,000 km from the Earth's surfaoe; curve 
2 was obtained during the flight of the seoond oosmio rooket and attests to 
the presenoe of maximum radiation intensity at a distanoe of It,000 km from the 
Earth's surface. From these curves, as well as from a comparison of data from 
luminesoenoe oounters (see above), it is apparent that the maximum radiation 
intensity, as well as the entire radiation belt obtained during the flight of 
the eeoond oosmio rooket, was shifted toward the Earth in oomparison with the 
maximum reoorded during the flight of the first oosmio rooket. 

Beyond the outer radiation belt the radiation indioator reoorded only 
protons of primary oosmio rays. The stream reoorded equalled 2 to 4 ptrtloles/ 
om^.seo. 

In the vioinity of the Moon and during the approaoh to it, the indioator 
did not deteot a notioeable inorease in intensity. The information from the 
ohannels reoording -partioles and nuolei with Z>* 5 and Z > 15 indioat es 
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that the mean values of C$ -partiole-streams and the aforementioned groups of 
nuolei do not vary with distanoe at long distanoes from the Barth. An approx¬ 
imate stream value of 140 * 10 to 150 * 10 partioles/m 2 »aeo.sterad was obtained 
for <t-partiolesj 10.0 * 0.3 partioles/m 2 .sec*sterad for 5j and 0.37 ± 0.06 
partioles/m 2 *seo.sterad for Z ?M5, at determined values of the geometrio fao- 
tor of the Cerenkov oounters^. 
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Figure 143. The Course of the Radiation Intensity Recorded by a 

Cerenkov Counter During the First and Second Cosmio Rooket Flight. 

During the flight of the second oosmio rooket an interesting phenomenon 
was discovered! At 1127 OT, 12 September 1959, the number of nuolei with 
2 2" 15 entering the oounters increased by a factor of 11.8 (11.8 ± 0.7) in 
oomparison with average intensity. This increase lasted about 17 minutes. At 
the same time, the number of nuolei with Z j2 and Zr5 inoreased by factors 
of 1.3 * 0.1 and 1.5 * 0.3 respectively. 

An analysis of this phenomenon showed that it was oonneoted with proces¬ 
ses taking plaoe on the Sum at a time interval olosely ooinoiding with 
inorease in intensity of the nuolear oomponent, two ohromospherio eruptions 
and also an outburst of radio emission were recorded at stations on Barth. 



r o Th# faotor in this oase is the value, having dimension 

Lom«.sterad], the product of whioh by the value of the stream [partioles/ 
oar •seo*steradj equals the number of oounter readings per second. 





A comparison of thaae data leads to the idea that on the Sun prooesses 
apparently take plaoe in whioh nuclei are aooelerated to energies exoeeding 
1»5*lO^ev/nuoleon. 

Essentially new results in the study of oosmio rays were obtained during 
the flights of the seoond and third satellites* 

As is known, the orbit of the satellites was at an altitude of 200 to 
300 km. As a result of measurements, a ohart of the distribution of intensity 
over the entire Earth was obtained. It follows from this onart that near the 
equator the intensity of radiation is comparatively low. High-energy oosmio— 
ray particles ooour at the equator. Moving from the equator to higher lati¬ 
tude, radiation increases. This takes plaoe beoause far off from the equator, 
not only high-energy partioles, but also oosmic-ray partiolee of low energy 
reaoh the Earth from spaoe, partioles of low energy than is neoessary to reaoh 
the equator. 

At latitudes exoeeding 50* an inoreased number of eleotrons is observed. 
This is the beginning of the outer radiation belt of the Earth. When approach¬ 
ing the Earth’s magnetio pole, the radiation intensity again drops; partioles 
of the radiation belt do not penetrate to here, only oosmio rays. 

Finally, this ohart indicates a considerable inorease in radiation inten¬ 
sity in the region of the South Atlantio. This phenomenon is apparently con¬ 
nected with the existence of anomalities there of the Earth's field. 

Studies of Interplanetary Oas Using Ion Traps. 

Experiments were run on all three Soviet oosmio rookets to study ionised 
gas in interplanetary spaoe and in the uppermost layers of the Earth's atmos¬ 
phere. Special instruments were developed for this; three-eleotrode oharged- 
partiole traps. 

On the rooket launched 12 September 1959, four traps with various external- 
grid potentials were set upi +15 v, -5 v and -10 v. Positive ourrent oould be 
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oaused only by ions, wherein their energy oould be determined by comparison 
of the readings of all traps. If all traps simultaneously reoorded negative 
current, this meant that it was oaused by eleotron streams. In this case the 
energy of eaoh eleotron exoeeded 200 ev beoause only those electrons oould 
pass through the decelerating potential applied to the internal grid of the 
trap. 

As a result of the measurements oonduoted on the three Soviet rockets 
using traps, a great deal of experimental material was obtained. Only during 
the flight of the Soviet rocket in September, 1959» there were about 12,000 
trap-current measurements transmitted baok to Earth. 

Let us examine the fundamental soientifio results of the investigations 
using traps. Figure 144 shows a graph of ion oonoentration versus the distanoe 
from the Earth's surface in kilometers. Two fundamental conclusions oan be 
made from this. 

1) The Earth is surrounded by a very expansive and highly rarefied atmos¬ 
phere of ionised gas. This atmosphere may be rightfully oalled the "Earth's 
oorona" or "geooorona". The ion oonoentration in the geooorona is on the order 
of several hundred positively charged partioles per om^. For oomparison let 

us say that the ion oonoentration of the Earth's atmosphere at an altitude of 
300 km reaohes 1 to 2 million per cm^. And the oonoentration of moleoules in 
the atmosphere at the Earth's surfaee is expressed by a 20-digit number. 

From the nature of the change in ion oonoentration with distanoe from the 
Earth's surfaoe it may be oonoluded that the geooorona is composed of hydrogen. 
The geooorona oan be deteoted up to a distanoe of 22,000 tan from the Earth's 
surfaoe. There is, however, reason to assume that the extent of the geooorona 
varies. It may be a function of several things, chiefly of solar activity. 

2) In interplanetary spaoe at distanoes exceeding 22,000 tan from the 
Earth's surfaoe, there was no measureable oonoentration of ionised gas. Henoe, 
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Figure 144* Ion Concentration Versus Distance. 

assuming that the experiment were aoourate, it may be oonoluded that if there 
is ionised gas in interplanetary spaoe, its concentration is surely lower than 
100 ions/om^. According to existing circumstantial data based on analysis of 
trap ourrents, the concentration of ionised interplanetary gas must be even 
considerably lower than this. 

3) At distances from the Earth's surfaoe from 45 to 80 thousand km, 
streams of electrons with energies exceeding 200 ev and with current density 
N'v-'IO® particles per om 2 per second were discovered. These streams attest 
to the existenoe of an outermost belt of charged particles surrounding the 
Earth, particles of comparatively low energy and looated beyond the radiation 
belts. 

Finally, magnetic measurements conducted on American spaoe vehioles indi¬ 
cated that in the region ocf spaoe where the outermost belt is looated, there 
exists a ourrent which distorts the Earth'B magnetic field. This ourrent is 
apparently a drifting ourrent of electrons in the outermost belt, caused by 
nonuniformity of the magnetio field. 
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A recording anoaitir with magnetically saturated pickups was Installed 
on the third Soviet satellite for geoemgnetic msasuremsats In and outside 
Ionosphere of the Perth* The operation of aueh a magnetoaster la desorlbod 
In Chaptar 2. 


The magnetometer developed for the third satellite (rig. 145) Insured 
measurements of the earth field Intensity with a high aoeureoy, on any nagnetlo 
latitude and with say orientation of satellite, and was fully automatic. 



Fig. 145. Magnetometer Installed on Third Satellite. 

The aagnetaemter had also a special appliance which made It possible to obtain 
data on changing space orientation of the satellite (relative to the rector 
of magnetic field), and on variation la the nature of satellite revolution. 

The measuring range of the Instrument constituted 48,000^. The perfonmaee rate 
of servoeystem was equal to 40 • 45°/seci the mean angle of sero point 
was about 2Yper hour. The aero point of the napetomster was detendmsd 
by oo^arlson with proton me gas tome ter. The nsTlmmi value of nagnetlo deviation 
amounted to approximately 3,000 Y* Measurements were ooodesteJ on altltudee 
of 250 . 750 km, 1. o.. In the region below and above tbs maximum of Ionisation 
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of tho f 2 layer, Magnetic •rror, the period of whloh coincides with the eetellite 
preess' on period, was fixed on recordings. If the satellite orientation is known, 
a sajor portion of this error ean be elininated. 

M^jnetio investigations on the third Soviet satellite furnish a convincing proof 
for the presence of lonoepherlo sources which cause variations associated 
with the earth field disturbance. Analysis of the obtained Material indicates 
the presence of short, fast changes in the earth field, coinciding in tins 
with the passage of the satellite through the I 2 layer of loooephere (Tig. 146). 

At the sens tins, 20 oases of short (5 to 8 sec) negative and positive peaks 
of the earth field variation were detected. They ean be considered due to space 
lnhoaogeneltles in ionospheric current systaas of local character. Intersected 
by the satellite. 



rig. 146. Characteristic Recording of Short Earth Field Variation. 

Now data were obtained during the exaad nation of constant aagaetlo earth field, 
particularly when the satellite was flying above the Easter Siberian anoaaly. 
the so-called Asiatic asTlwun of intensity of the geoaagnetle field. As it is 
demonstrated by the analysis of obtained data, the Magnitude of this anoaaly 
attenuates with the altitudes very slowly. 

Basing 00 indications of two potentloaetrie pickups, characterising 
angular displacements of the satellite bedy. it is possible to obtain a numerical 
talus of the relative variation in the space position of the satellite for any mom 
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of tins. It follows fro* these data that tha satalllta was performing 
a precession notion witL tha parlod of T*136 aao. Apart fron that, tha satalllta 
was revolving around its own axis at tha rata of 0.a5°/see. Thaso rasults 
ars very isportant for tha intarpratation of indiaatioM of othsr instruments 
isstallad on the satellite. 

On the first and second satallltas wara parforaad aagnetio measurements 
at distansas of several tarraatrial radii, as wall as in tha environs of tha Bmk* 
These neasurenents are highly important for geophysical rasaarehas, particularly 
for tha experimental verification of exist Inc thaorias of aagnetio stonsa 
and aurora polaris. 


Maasuraannts on tha first spaee rocket were conducted by naans of a three-component 
aagmetometer with magnetically saturated pickups of even hamoaios (refer 
to Chapter II). General view of such a plokup is shown in fig. 147. The neasuring 
range on each pickup was equal to ± 3000 y . Tha magnetometer's drift fron aero 
Aid not axoaad 20 y In 24 hours of continuous operation. Tha sensitivity of each 
c h a nn el of tha angnetoneter equalled 600 ▼. Tha total deviation fron nagnetle 
oe x ponen t s of tha roakat dlA not surpass 70 \ and was known for eaeh pickup. 



rig. 147* Pickup of Magnatoaater Installed on First Space Rosiest. 

Fig. 148 shews tha experlnental curve for intensity of the terrestrial 
■agnatic field as a function of distance, as well as tha theoretical eurvs 
of tha dipole field. 

The ooagarlson of * 000 x 04 and calculated field values shows that Measured values 
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differ substantially fra calculated ones In tbs flight phase at 15 to 3 ° thousand Ion 
free the earth center. The d la agree wnt between the true field and the dipole field 
equals 300 y even at the distance of about 14*700 kn. Haze Is observed an abrupt 
deerewnt In the terrestrial aagnetle field with distance. The dlfferenee between 
the true field and that calculated froa the earth potential attains Its naxlwu 
walue at the dlstanee of 19 to 20 thousand ha and equals 800 y • 



rig. 148 . variation In Na*aatle larth field with Altitude. 

1 - calculated values; 2 - aaasured values. 

The result obtained has a great scientific significance. It pemlts to assert 
that the aagnetle earth field at distances of 3 to 4 terrestrial radii Is detemlaed 
not only by values calculated froa the Magnetic earth potential* but depends also 
on external sources* 

On the second space rochet, launched to the Noon on 12 September 1959, were 
Installed nose sensitive uagnto—ters of the saw type as on the first rocket. 

The sensitivity of aagnetcaaters constituted 115 y/▼ of teleastrle system. 

At the saw tlw, the manuring range was reduced which caused the aeasurewnts 
of the terrestrial wgietlc field on the second space rocket to start appreslnatelj 
from the altitude of 18,000 1m from the earth center. 
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Figure 149. Values of magnetio terrestrial magnetio 

field intensity obtained by various methodsi 

1- measured values (1st cosmlo rooket j 2- measured values 
(2nd oosmic rooket); 3 - computed values 
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Magnetic measurements on the secdnd coanic rocket were carried out sore fre¬ 
quently* than on the first one* Reading of magnetometers was done every 3* 

6 seconds* and then periodically repeated within approximately one half af a minute* 
On flg.U9 are shown ourves* obtained on the first and second cosmic rockets* 

As already pointed out before , the Meas u rements on the second cosmic rocket revealed 
instability of the outer part of the radiation aonet during flight on September 12 ' 
1339* its maximum was situated closer to Barth* than during the time of flight on 
January 2* 1959* Because of this the reduction in geomagnetic field intensity during 
measurements on the second cosmic rocket has not been detected, because the antic* 
ipated magnetic effects were in the none of the field* whore the intensity value 
was beyond the limits of magnetometer measurements. At present time there is n 
great discussion going on between astrophysicists and geophysicists regarding the 
nature of radiation bands and the causes of magnetism of radiation belts. 

The flight of the second cosmic rocket to the Moon and the magnetic m eas u re* 
meats in direct vicinity from the Noon discovered no noticeable increase in mag* 
netic field lntensity.lfcgnstograas* obtained from the mear*luaar section* were 
subjected to thorough statistical analysis . This allowed to make a conelmsiomi that 
if at the Moon would exist a magnetic fidd of more than 100 gamnas* then it would 
have been detected. Consequently* it can be stated, that there is no magnetic field 
at the Noon* which by its magnitude would exeeed the meas ur ement errors* That is 
wly efforts to explain certain geophysical phenomena by the effect of the Inner 
magnetic field should now be considered as absolutely baseless. 


151 



Investigation of Miorometeors 


To investigate meteorio partieles on the third man-made Earth satellite 
and on oosmio rookets was installed an apparatus, consisting of ballistic 
Pieto-feelers (from ammorous phosphate) and amplifier-oonverter (see chapter ' 
2). General view of the apparatus is shown in Pig. 150. The apparatus 1 

seoured the registration of the number of particle lmpaots, and registration 
of their enorgy as well, energy measured by the pulse magnitude of the mat¬ 
erial of the sensing device, ejeoted during the explosion of a meteroite 
particle on its surface! 

J - ae., (4.21) 

See page /53 for Figure 150 

Pig.150, Apparatus for studying meteorio partieles • installed on 

_tw aumni ___ 

where L • 'ejection • pulse 1 Z. - kiaetio energy of partieles! proportioaallty 
eoeffieieat. 

If the average velocity of the particle is accepted in this ease at 40 ta^sec, 
it is then pose/ ble to detormiao the aass of the recorded particles* 

On the third aaa-aade larth satellite were set up collision feelers with total 
area ef 3410 cm?, including the body of the feeler. Distribution of signals by am¬ 
plitude was done by converting the sisals from the amplifier pert into a computing 
system of each amplitude range after a corresponding aceuaalation of a number of 
impacts* 

0a the first and second oosnle rockets were mounted foolers with general area 
of 0*2 sad on the third one - 0.1 

The apparatus mounted on the first eoanlc rocket was calibrated for rogistartlom 
of partloles with massest 1 - 2*£*10*9 • 1.5-1XT® gi II»l.5*10*® - 2*10*7 g ( 

XIX ^2*10"7 g. 

On seooad and third cosmic rockets there was no aeeumlatioa of l^Mts.aad 
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Pig. 150. Apparatus for studying meteoric 
particles, installed on third satellite. 


' each impaet was recorded separately. Tha apparatus installed on the second coaal* 
raekat was ealihrated for racording partlalaa with massesi I • 2 . 10 “9 . 6 * 10*9 g t 
' IX - 6*10-9 - 1.5*1®*® *i in > 1.5*10*® g, a ad on tha third eoaaie raekat t 
I - 10*9.3.10*9 g| ii . 3 . 10-9 • 8*le-9 ci in - ^ 8*10*9 g# 

Tha meerjrenant raaults froa tha third aa-aia Barth aatalUta aad eoaaie reek* 
ata are liatad la table 34 * 

By examining tha mentioned table it is poasibla to arrive at ee-taia comeln- 
sioaai 

1. Density of aatoarie attar in tha periphery of the Berth is net constant - 
i ^changes in spaas. 

2. Maxima number of raeordad imposts belongs to partielaa with aasaas ranging 
froa ( 3 ♦ 8)10*9 to ( 2 * 3 ) 10-8 g and smaller. 

These raaults shew that aeteorle aad miereasteorlc danger is small. 


- TABLE 34 

Results of measuring on the third man-made satellite and oosmic rookets 


Canada unit 

Data 

naamn 

TmF ****** 

THIRD SATELLITE 

IS/S-5S 

ia-17/O-M 

2,7-io*' 

4- 11 

5- 10-* 




<10* 


2/1-AS 



<2 10 » 

mot Rocket 



<410-* 


>210-* 

<io-« 


12/9—9t 

210 -*—eio* 

<510-* 

Second rocket 


>1.5W 

<9 10* 


4/10—Ij 

inio-it 

, j 

ur*-»-*o* 

3.ur*-*.*o-* 

4-«r* 

-2- IS* 

Third rocket 

! 

>••»* 

4I0-* 
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Biologioal investigations 

On the seoond Soviet man-made Earth satellite was oarried out a medioal- 
hiolog experiment hy studying the vitality of a living organism under condi¬ 
tions of oosmio flight, one of the basio oharaeteristios it is the state of 
weightlessness. 



( 

Pig. 151. Prequenoy ourve of oardio oontraotions of 
dog Layka at various moments of flight, 

a- number of systoles per minute; b- prior to bla3t 
off; 0 - time satellite gets into orbitj d- orbital 
flight. 

For this purpose the satellite was provided with an airtight (pressurised) 
oabin ooeupied by an experimental dog - Layka. The oabln was furnished with 
devioes to repro&uoe conditions necessary for normal existence of an animal 
during lasting flight, ad well as equipment for recording its physiologioal 
functions (sse Chapter 2), 

The data obtained as result of this experiment are of greater soientifio 
value. Of great interest are data on the behavior and condition of the animal 
on the orbiting seotion of the satellite, the oharaoteristio of whioh is the 
presence of large overloads, as well as vibrations and noise from the operating 
Cv rooket power plant. The behavior and condition of the animal when the satellite 
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oame into orbit were registered quite fully. 

On the basis of information obtained over radio telemetering system it 
oan be established, that up to a define overload magnitude the animal resisted 
the inorease in apparent bodily wiight and maintained freedom of movement of 
head and trunk. Then it appeared to be pressed against the floor of the 
oabin and some of its notioeable movements have not been recorded. The fre¬ 
quency of the systoles immediately after blast-off inoreased in oomparison 
with the initial one by 3 times (fig. 151)• However an analysis of oardio 
bioourrents reoording (electrocardiogram) indicates the absenoe of any ill 
effeots (fig. 152). There was a typioal ohart of more frequent palpitation 
of the heart, a so-oalled sinusal taohyoardia. 



Pig. 152. Electrocardiogram reoording of dog Layka in state 
of weightlessness, obtained on the neoond satellite. 

Toward the end of the orbiting, in spite of inorease in overload, the 
frequenoy of oardio palpitation began decreasing. The reepiration frequenoy 
of the animal on the orbiting section was 3-4 times greater than the initial 
one. As the apparent weight of the animal inoreased the respiratory movement 
of the thorax beoame diffioult, as result of which its respiration beoame 
more superfioial and frequent. 

There are bases to assume, that the indioated ohanges in the state of 
physiologioal funotions of the animal are oonneoted with the sudden aotion 
against the organism of sufficiently strong* tuter stimuli - overloads, noises, 
vibrations. Analysis of obtained data and their oomparison with results of 
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preceding laboratory experimentations allow to state that the flight along 
tho orbiting seotion was endured by the animal with satisfaction. 

After the satellite reaohed orbit the state of weightlessness took plaoe. 
The body of the animal under tkeee conditions during contraction of extrimity 
muscles rolled away easily from the flow of the oabin. Judging by the avail¬ 
able recordings, these movements were of short duration and smooth. The 
respiration frequency began dropping. The cardio systoles subsequently began 
decreasing, eoming down to initial magnitude. But the time, within the heart 
palpitation beoame normalized, was approximately three times greater, than 
during laboratory experiments, at which the animal was subjected to the 
effect of such accelerations, as during orbiting. In all probability this 
is explained by the influence of the weightlessness state, at whioh sensi¬ 
tive nermous formations, signalling the position of the body in spaoe, have 
not experienced sufficient influence of external stimuli, which in turn led 
to a ohange in functional state of the nervous system and established a 
certain extension in the period of frequency normalization in heart palpita¬ 
tion and respiration. 

Analysis of the eleotrooardiogram taken in state cif weightlessness, im¬ 
mediately after the satellite began orbiting, revealed eertain ohanges in 
the configuration of its elements and the continuance of individual intervals. 
But these changes were of no pathologioal nature and were connected with the 
increased functional load during the period, preceding the state of weight¬ 
lessness. The picture of the ECO (eleotrooardiogram) reflected timely nervous- 
reflector displacements in the regulation of cardio activity. Next was ov- 
served a greater approaoh of ECO to the one, whioh is characteristic for the 
initial state of the animal. The motorial aotivity of the animal, in spite 
of the unusual state of weightlessness, was moderate. 
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Normalisation of functional characteristics of blood oiroulation and 
respiration under weightlessness conditions attests most obviously that this 
faot in itself oaused no essential and permanent changes in the state of 
physiological functions of the animal. No definite opinion regarding the 
effeot of oosmio radiation on the experimental animal oould be made. No 
physiologioal effeot of its aotion has been direotly disoovered. 

The biologioal experimentation results obtained on the seoond satellite 
and on ships-satellitee show beyond any doubt that oosmio flight conditions 
are endured by the animal with satisfaction 1 . 

The experimentation result positive in thi-' case makes provisions for 
oontinuing and expanding the investigations, with the purpose of oreating 
conditions, safe for the health and life of humans in oosmio flight. 


1, About flights of animals on ships-satellites see Chapters VI and VII. 
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First Photos of the Reverse Side of the Moon 


» 

The period of rotation of the Moon around its axis coinoides with its 
period of rotation p round the Earth, and that is why the Moon is turned to 
the Earth always with one and the same Side. The presence of so-oalled lunar 
librations, i.e, periodic oscillations of the Moon about its center, visible 



Figure 153. Photo of reverse silo of the Moon obtained from 
board the AIS (automatic interplanetary station) 
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7ig.l54*Photo of the reverse aid* of the Moon taken from board of the 
-MS _ 

Soom lunar f onset lone are altuated along the very edge of the visible diak,whereby 
a part of them la visible only during corresponding Ubretlona of the Moon* All 
these Marginal zones are viaible with greater distortions, caused bv perspective. 
The chosen tine for photographing allowed the A1S to obtain photos of a larger 
pert of the lunar surface invisible from Earth and of a nail part with already 
known for oatlone (fig.153-153). Turned to the station was the lunar disk alooat 
fully illuninated by the Sun, Under such conditions of illuai noting the lunar 
surface its forntions do not produce shadows and soots details appears to be less 
notieeable, 

ICC 


69 . -/*. t 


Th« presence on photos of a part of lunar araa visible from the Earth Mde it 
possible to tie down never before visible objects situated on the reverse side of 
Moon, to already known ones and thus determine their selenographle coordinates. 

On the photo the boundary between visible and invisible (frost the Earth) part of 
the Moon is designated by dotted line* Among the objeots photographed from board 
AIS and visible from the Earth we have the Humboldt Sea , Sea (Mure) of Crises, 
Marginal Sea, Snith Sea, part of the southern Sea etc. 

These seas, situated along the very edge of the Moon, are still visible 
during ground observations, and appear to us as result of perspective distortion 
as narrow and long, and their true form has not been determined until now. On 
photos, obtained from board the AIS, these seas are situated far frosi the visible 
edge of the Moon and their form is slightly distorted by perspective. 

As results of preliminary investigation of available photos it can be men¬ 
tioned, that on the invisible part of the lunar surface are predominant 
mountainous regions, while seas, similar to seas of the visible part,there are 
very few. Vividly expressed are crater seas, lying in the southern and near-eqpa- 
toriel regions. 

Of the seas, situated close to the edge of the visible part, on the photos 
are clearly distinguished almost without distortions the Humboldt sea. Marginal 
Sea, anith's Saa and Southern Sea, It was found that the southern Sea in 

a considerable part is situated on the reverse side of the Moon, whereby its 
boundaries have an irregular winding form, 

anith's See in comparison with the Southern See has a such rounder shape with 
a mountainous range cutting in into its southern tip, anith's Sss in a largs part 
spreads also on the reverse side of the Moon, The Marginal Ssa has an elongated 
form with a depression opposits the Sea of Crises,Jdst as the SMlth Sea it la 
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extended on tli« reverse side of the Moon. The Humboldt Sea has the paeuliar shapa of 
n pea*. 

Tha entire ragion adjoining tha western fringas of the reverse side of tha 
Moon, has a reflectivity, intermediate between the moantainons regions and ^he seas. 
By its reflectivity it is anslogous with the area of the Moon, situated between tha 
eratars Tycho, Bstavius and the Nectar Sea. 

To tha south - south-east from the Humboldt Sea on tha boundary of tha mentioned 
ragion stretehes a chain of mountains of total length of more than 2000 km, cross¬ 
ing the equator and extending into the southern hemisphere • Beyond the mountain 
range extends, evidently, the continental peak with increased reflectivity. 

In the region situated between 20 and 30° northern latitude and 140 and l60° 
western longitude is situated the Crater Sea with a diameter of about 300 km. In 
the southern end this sea is ended with a gulf. In the southern hemisphere. In the 
region with coordinates latitude - 30° and longitude ♦ 130°, is situated a larger 
crater with a diameter of more than 100 km with dark bottom and bright central kmoll 
surrounded by a luminous wide terraoe. 

To the east from above mentioned range, in the region of ♦ 30° northern latitude. 
Is situated a group of four craters of medium dimension; the largest one of that 
group has a diameter of about 70 km. To the south-west from that group, in the region 
with coordinates latitude ♦ 10° and longitude ♦ 110°, there is a separately situated 
round crater. In the southern hemisphere along the western edge are two regions 
with sharply reduced reflectivity, 

furthermore, the photos show individual regions with slightly laereaeed and 
rsdueed reflectivity and numerous sms11 details. 

Fig. 156 shows a chart of the reverse side of the Moon. 

Investigating the operation of solar batteries. 
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ZUeiiS* 9f fibjgsil gnJfeLJifli 9* the Moon in^W»g.g,9« *nrtfr» 

1-larfsr crater Mt disaster 300 km - Moscow Smi 2-Oulf of dstroMuta la Moscow 
9oo 1 > continuation of Southern Sm oa row too old* of Mooai 4- TbiolkoMkly 
oratorj 3- Lcnonesor oratorf 6- Joiiot-Curie orator} 7- oouatala rldfle Soretaklyi 
8- Bream (Mschta) Sm, Bhbroken lino - laaor equator, dot tod 11 m - boundary of 
visible fooo the Inrth Motions of the Mooai Roman numbers designate objects of 
risible port of the Mooat I - Mnoboltd Smi II-Sea of CrlMOf III - MtrglMl 9 mi 
IT - See of Votosi T - smith Smi TI « fertility Seat 711 - Southern Sea, 

da was stated before, oa the third Soviet satellite and automatic interplanetary 
station for supplying power to the equipment, tocother with chemical current 
sources, wore also used semiconductor (silicon) solar batteries. The installation 

1 of sans appeared to be the first effort of employing solar batteries on men-mede 

satellites and oosnio rookets under conditions of cosmic spaoe. 
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Th« problem concerning the poaeibllity of ueing solar bstborlss under conditions 
of comic flight has a number of vague moments, which can be solved only by conduct- 
ing direct experiments. Such moments first of ell include the temperature condition 
•f the solar battery, accurate calculation of which is extremely difficult, as well 
as the effect cf meteoric erosion on the perforannee of silioon converter. 

Operational data of sensing elements, mounted on the third mn-madc satellite 
of the Berth and on the AZ8, enabled to obtain information about the temperature 
of aolar battery. The average temperature of ailieon converters varied between 
16 and 30* C. Taking into consideration tbs very email therml ooataet between 
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sensing eleasnt sad body , it la possible on tba basis of already available data 
to eomflra* that at a properly executed oo&struotioa thsrs should ba no fsar of 
fallnia of photo ooorsrtsrs as rssult of ovsrheatiag. 

Measurement data* allowing to evaluate meteoric srosion* attsst to ths fact 
that ths nibbing off of costings* protsctlag ths surfaoe of solar battsrlss* is a 
slow prossss and ala^ oannot bs ths eauss for failurs of ths battsrisa. Preliminary 
conclusions san also bs aads regarding ths sffsot of cosmic radiation. Ths opera* 
tion of radio transsdttsr 'MLTiK • through a period of many months confirms, that 
cosmic radiations* most likely* do not present greater danger for solar batteries* 

The uninterrupted operation of ■ KAYAK* allows to sake an important conclusion 
of the fact* that on Xhrth satellites it is already now suitable to use solar bat* 
teries of greater eapaoitanoes. Kzperience has shown* that such batteries are suit¬ 
able not only for oriented* but in many saaes also for non-orisntsd Sarth satel¬ 
lites. 

Positive experimental results on direot conversion of solar energy into elee- 
trieal beyond the terrestrial ataaosphere , experiments carried out on larger soale 
on the third Soviet larth satellite and an the AIS* are of exclusive lmportanse in 
solving problens of seeuring the work of aoiontifie and measuring devlees of satellites 
and cosmic rooksta for a period of practically unlimited time interval* 
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Chapter V. First Flight to the Venus 
On February 12, 1961 the USSR launohed an AIS toward the planet Venus. 

The weight of the AIS exaotly 643.5 kg. The lifting of same into interplane¬ 
tary trajectory was realized with the aid of a guided oosraio rooket, whioh took 
off from the heavy man-made Earth satellite. 

As was found from measurements oarried out after the blast off, the traj¬ 
ectory of motion of the station was close to the oaloulated one. Moving along 
that trajeotory, the AIS reached the region of the Venus in the seoond of the 
month of May 1961. Minimum distance of station from the Venus was less than 
100 thousand km having covered a distanoe of 270 million km, whioh proves the 
high accuracy of guiding it along the trajectory. 

By launching the AIS toward the planet Venus was established the first 
interplanetary road. 

Equipment of AIS. The automatic interplanetary station (AIS), represents 
a oosmic apparatus, provided with a complex of radio technioal and soientifio 
devioes, orientation and control system, programming instruments, temperature 
oontrol system, electric power sources (fig. 157) 

Structurally the AIS was made in form of an airtight body, consisting of a 
oylindrioal part with two bottoms. In the body on an instrument frame was 
mounted the equipment and chemical battery units. On the outside of the body 
were situated part of the sensing elements of the soientifio apparatus, two 
panels with solar batteries, louvers of the temperature oontrol system and 
elements of the orientation system. 

To one of the solar battery panels is fastened the blook of thermal feelers 
to study the ohanges in optioal coefficients of various ooatings under condi¬ 
tions of longer stay in interplanetary wpaee. On the outside of station body 
are also mounted four antqnnas, One of these - penoil beam antenna - has the 
shape of a paraboloid with a diameter of about 2 m and in intended for communi¬ 
cation with interplanstary station at greater distances from the Earth and trans¬ 
mission of greater volume of information within a short time interval. 
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Two oruoiform antennas, mounted on the solar battery panel, have a e ma il 
radiation pattern and are intended for communication at medium dietanoes from 
the Earth. 

Omnidirectional antenna - 2*4 a long rod » intended for transmission of inferma- 
tiem sad determining trajectory parameters at the section near the Barth, 

Nmdmsa dimensions of the station (without consideration of antennas and 
solar batteries) in length - 2035 am and in diameter - 1 Q 50 am. 

The solar battery panel and rod antenna prior to break away of station from 
the cosmic rocket are folded ap and open immediately after its separation. 

The construction of the station secures the maintenance in the hermetic 
(airtight) body of initial gas pressure of about 900 am Bg for the time of the 
entire flight. 

. The louvers of the temperature control systan, mounted on the cylindrical 
part of the body, turn, open aid eloee the radiation surfaee, correspondingly 
raising or lowering the transfer of heat, liberated during the operation of the 
equipment carried on board the AIS. The operation of louvers aad fans, installed in 
the interior of the body, is controlled with the aid of an autonomous progranadng 
arrangement and system of temperature feelers, situated at points, subjected to 
msTlanm overheating or supercooling. In this way is solved the problem of providing 
normal temperature for the station equipment ever the entire flight trajeetery, 
during its trip from the Barth to the Teams, when the station comes clone to the 
Sun at a distance of 110 million kn, i,e, when the power of solar radiation risen 
by more than double, 

*bo solar battery panels, constantly oriented toward the Sun, secure contin¬ 
uous ch ar gin g of the chemical current sources. 

The radlatoehaieal Installation of the AIS solves the following problems* 
measures the mo veme n t parameters of the station relative to the Perth» 
transmits to Barth measurement results, sf measurements carried out by the 
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scientific instruments carried on board tha station) 

transmitting to Xarth iaforaatioa about tba oparation of board instruments, 
pressures aad temperatures vitbla tha station and on its body* 

racaption of larth radio eoanaads pertaining to oontrol of tho oparation of 
tba ofniponnt on board tba station. 



Tha oparation of tba equipment aarriad on board the station was oontrollad fegr 
tba transmission af on—ads orsr tba radio lias from ground points, and bgr auton¬ 
omous programing dsrloos on board tbs station. 

Tha oriaatation s/staa of tbs AI8 solras during flight along tba trajectory 
tba following problems! 

slimiaation of any arbitrary rotation of tba station, obtains! during trash 
away from tba raekat. blastad off from a hoary aaa-mda Xarth satallitat 

saauras tba soaking of tba Sun fron any position of tbs station and realizing 
station stabilisation) 

securing soar tba Tanas orlsatatlux of tba paaeil bean (parabolic) antenna 
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fie in* the Barth for th« obtainmant of aieh higher rata of transmission of sci¬ 
entific information and data about tha operation of tho airbarna equipamnt book to 
■arth. 

Tha IIS is equipped with a complex of seientlfie devices for carrying out 
T>4grsleal measurements in cosmic spaeat 
to study cosmic raysj 

to neasure nagaatic fields in the range of several ganma units to 
several tans of gammas | 

to neasure charged partielas of interplanetary gas and eorpuseular 
streaaa of tha Suni 

to ragiatar miorometeors. 

On board the US ia placed a banner with state eablea of tha USSR. Tha banner 
represents a nodal of tha Barth and is nade structurally in form of a hollow sphere 
with a diameter of 7- tm nade of titanium alloy. On tha outer eurfaee of the sphere 
is plotted an image of continental outlines. The surfaees of aeas and ooeaas are 
painted in blue color, and the eurfaee of continents - golden-yellow. 

Within the spherical banner is placed a monumental medal with an imago of 
the state emblem of the USSR. On tha reverse side of the medal in the center is 
depleted a plan of the solar system with orbits of Heronry. Yeans. Barth and Hare, 
and the inscription along the edges * USSR 1961*. 

The mutual disposition of planets correspond to the maaent when the AIS 
draws closer to tha Teams. 

The spherical banner la placki in a special protective envelope, tho outer 
surface of which la formed by pentagonal elements of stainless stasl with imago of 
USSR state emblem and inscription 'Hrth - Venus. l?6l 
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night of Interplanetary Station Toward Tanas 
To earry oat the flight to Venae it was necessary to aeloet the flight trajec¬ 
tory, staisfying a number of conditions. If the date of rocket take-off and the 
data the AIS will aproach the Tonus are mentioned, than the orbit of the 

▲IS in the solar system, beyong the sphere of action of the larth, is determined 
unilaterally. !he AIS, getting away from the terrestrial sphere of aetioa , should 
aegulre a Telocity, fully determined in magnitude, and in direction as wall. The 
blast off and approach dates are selected so that the neoessary escape Teloe(ty of 
the AIS from the terrestrial sphere of action would be possibly lower. The Teloc¬ 
ity magnitude, which the carrier-rocket should impart to the AIS along the accel¬ 
eration stretch, will also be at minimum. 

Of great importance is the method of accelerating the AIS by the carrier- 
rocket. At uninterrupted operation of all the rocket stages the weight of the use¬ 
ful load depends not only upon the Telocity magnitude , which the AIS must acquire 
at the end of the acceleration section , but also upon the angle of inclination of 
the Telocity relmtiTe to the horizon. At gyeater angles of inclination the terres¬ 
trial force of graTitatiom binders acceleration, in connection with which it is 
possible that tha weight of the useful load of the rocket decreases. So that the 
AIS should approach the sphere of action of the larth, hawing a Telocity in nec¬ 
essary direction, during continuous acceleration it may become necessary at the 
and of the acceleration section to acquire e velocity steeply Inclined toward the 
horizon. 

Thus con he SToided, if the method of accelerating end intermdiate orbiting 
of the satellite, le applied. The satellite, carrying a oooadc rocket on 

board, is lifted by a carrier-rocket into circular orbit with looses. 

Acceleration of the cosmic rocket, taking off from board the satellite, is dons 
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In almost horizontal direction* Having proparly salactad tha orbital plana of tha 
satellite, plaea and tiaa of blasting off the rockst from tha satellite, it is 
possibla to saoura the aseapa of tha IIS from tha sphara of action in naeassary 
direction. 

Taka off from board tha satallita can ba bast realized by launching cosmic 
devices not only to the Tanas, but also along tha most variegated cosmic paths. 

is already stated . tha dates of blast off and approach to Tonus are selected 
so. that tha velocity aappitude of AIS*s escape from tha terrestrial sphere of no¬ 
tion vas possibly lover. This determines a number of rangee of taka-off and approach 
dates, suitable from the viewpoint of rooket power. The acceptable Intervals of 
take-off dates constitute 1-2 months and are repeated periodically approximately 
every 19 months. Of of such intervals is due at the and of i 960 - beginning of 1961. 
This interval was used fer the launching of February 12. 

From tha terrestrial sphere of action the AIS escapes on an elliptical orbit 
of periodical motion around tha Sun. For various energetically suitable trajectories 
the time of flight up to approaehing the Tenus can ba quite different. There is a 
flight trajectory over which the encounter between AIS and the Tenua occurs during 
the first half of AIS rotation around the Sun. during the second half of rotation 


For tha blast off of February 12 was selected a trajectory, at which the 
eneounter takes place during the first half of the rotation. At different kinds of 
trajectories the flying time increases considerably and the deviations of the AIS 
at Tanas do increase, all this depends upon the errors at the end of the acceleration 
section. In addition .the distance from Xarth to Tenus at the moment the AIS 
approaches Tanas for these trajectories, as a rule, is considerably gre&ter. than 
the trajectory with encounter during the first half of the turn. 
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To Meuro the passing of tki AIS in imncdiate vicinity of the planet,the lifting 
of tho AXS into trajectory mat be realised with greater accuracy. Krrora in the 
Telocity magnitude by 1 • 3 a/cce and errors in heading of reloeity by 0.1 - 0.3* 
result in change in mini mm distance between AIS and Venue by 100000 km. Such a 
deTiation magnitude is also produced by a one minutes error In the time of rocket 
starting. 

Jisvistioia in the trajectory of the AIS from the Venas aay also take plaee 
as result of the fact that the position of Tenus is known only with specific ac¬ 
curacy. The basic source of these errors Is the insufficient, for the glTen purpose, 
accuracy of measuring the astwonoadeal unit (mean distance from larth to Sun), 
determining the scale of the solar system . 

At sufficiently accurate AIS trajectory measurements orer a larger part ef 
the flight the astronomical unit can be defined more olosely. 

Tor the launching of an AIS to Venus with the aid of c multistage rocket was 
first orbited a heavy man-made larth satellite. The satellite travelled in orbit, 
close to circular. - with aiaiaum distance from center of the larth ef 6601 km. 
aaTiaun distance from center of the kurth ef 6658 km and 65* inclination of the 
orbit toward the aater. 

The cosmic rocket was blasted off from board the satellite in a precalculated 
point of the orbit. Then the flight velocity of this racket relative to the larth 
became greater than the second cosmic velocity (escape velocity) by 66l a/aeo tho 
rocket eaeaped into a precalculated point in space, the power plant ef the rocket 
was shat off. and from it brake away the AIS. Its free flight along a trajectory 
toward Teams has begu. 

Thus wee realised the first launching ef a guided unit from heerd e aan-made 
larth satellite along an interplanetary path. 
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further travel of the US Is under the effect of ^avitational forces of the 
Barth* Sun and planets* 

Within tho tW'rrestrlal sphere of action tha AIS noved over a curve, eloso to 
a hyperbola* situated la plaao , passing through tha center of tha Barth and un- 
altaraably .. arlantad relative to tha stars* Thia plaae la eloaa to tho 

plana* la which tha aatelllte moved* 

As tha A1S got auay far her and farther ita velocity with respect to Barth 
dacraaaad gradually. Tho A1S reached tha boundary of the torraatrial aphere of ac« 
tioa oa Tebruary 14* 2300 hra Moscow time and had than a velocity of about 4 kn/see 
relative to tho Barth* 

Tha velocity of tha AIS relative to the £faa , which ia obtained by adding 
the velocity vector of the Barth relative to the am and the velocity veotor of 
AIS relative to Barth* at the Manat of eaoaplag from the terrestrial sphere of no¬ 
tion egsalled 27*7ta^see 

After this the novanent of the 116 followed over an elliptical orbit with 
foeua in the center of the Sun. This orbit hast 

■ a xi a nn distance froa the Sun (distance in aphelion) - 151 Billion tae 
ni n ln a n distance fron the San (distance in perihelion) - 106 adllion kn* 
inclination to the plane of the ecliptic (l*e* to the plane of the Barth*' 
orbit - 0.5*. 

Planes of notion of Barth* Teuua and US we slightly inclined to each other* 

0a flg*158 la shown the novcsMnt of the AZS, Barth and Tonus ia projection on 
the plane of the Barth's orbit* The ainultaaeous positions of Barth* Tonus and AIS 
are connected by straight lines* At tho beginning of its novensnt arcAuad the Sun 
the rocket lagged behind the Barth* Bot long fron the spring eguino* the Sun* AIS 
ant the Barth wore approximately on one strai^t line* The rocket then took aver 
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the Earth in an angular aovament around the Sun. The diatanea from Earth to AIS 
during ita antlra flight toward Tanua roaa continuoualy and at tha aonant of 
appvoaeh it raaehad 70 nil lion tan* 

Ike eagle batvaan diraotiona froa tha eantar of tha Sun to Earth at tha aoonnt 
of taka off and to tha Tanua at tha acaant of appraaehing it waa 120°.Tha tiaa of 
travel of tha AIS up to tha point of approaehing Tanua waa not ouch over 3 moatha. 
Tha appvoaeh to Tonne took plaoa on 19-CO of tha aanth of Hay 1961* 


See page 174a for Figure 1 58 


Fig.158, Movement of AIS relative to Sun (in projection on tha 

artetei jflm st lit Ms&l - 

l-poaition of Earth at moawnt AIS approached Tanua 1 2-poaition of Earth at aonant 
of bleat off) 3- lino of AIS orbit angleai 4- poaitioa of Tanua at aaaant of AIS 
approach1 5- poaitioa of Tanua at tha aonant of bluet offj 6- Sun) 7-orbit of Tenuei 
8-or bit of Earthi 9- direction into point of apviag equinox* 

Tanua, Juet Ilka tha Earth, baa a aphara of action (radiua $00000 ha). Within 
that aphara tha influence of Tanua on tha Mot count of AIS waa pvedoniaat orar tha 
iaflaeaoe of tha Sun* 

Mavaaant relative to Tanua within ita aphara of action followed along a traject¬ 
ory, clone to a hyperbola, with focua in tha eantar of Tanua* 

Calculation of tha orbit in accordance with obtained aeaeureusnt data ahowed. 
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that mini aw distance from tha AIS to Venus mi loss than 100000 km. 

If tha intar planetary * tat ion would ba a bright point* than it would ba possible 
from tha ground to observe tha morament of tha atation on tha background of sta¬ 
tionary atara. Ita path over the ealaatial aphere (firnamant) la ahown on tha aatral 
chart (fig.159). 


See page 175a for Figure 159 


Ti<*159*Tiaible morament of AIS (Unbroken line) and Venus (dotted line) 
orer tha ealaatial aphara (firmament). Mimbera deaignata poaition of AIS and 
Teama within aaeh 24 houra of flight. Along tha rartieal azia ara indicated 
dariationa ( in dagraaa). orar the horisontal - direct aaeant (in bra.) 

At tha beginning of tha moranant the diaplaeemant of the atation relatire to 
atara waa rapid. After leering tne terreatrial aphara of aetiom tha atation waa in 
tha region of tha firmament situated on tha boundary of Cetua and friseea coasts lLa>- 
tioaa, in the eenter of a triangle, made up of beta Ariea. alpha Bagnaua and beta 
Cetua atara. 9y thia time the angular displacements of the AIS orar tha firmament 
ware already mneh slowsv, along this saetion the AIS travelled relatire to tha 
larth approximately along a radius. 

Next the moranant of tha AIS orar tha ealaatial sphere, as .. evident from 
the chart, became similar to tha morament of planeta. To the beginning of April tha 
AIS waa in tha Places constellation, mowing at so-called retrograde motion, the point 
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Figure 159 - Visible movement of AIS and Venus 
over the oelestial sphere 
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where the retrograde motion changes into straight, baars the name of standing 
point* Direst movement amon g stars continued up to the point when the station 
approached Venus, which took place not far from the epsilon Pisses star. 

Venus at the moment of AIS take off was in the Pisees constellation,mowing 
among the constellations in a direct movement. The direct movement has slowed down 
gradually, and toward the Sad of March Venus cams into standstill. 

After the standstill began the retrograde movement of Venus, which lasted to 
the beginning of May 1961, then it changed into direct movaamnt. On this section 
of direct movement of the Venus came about the approach with the AIS. 


In table 35 are given rounded off values of distances between AIS and the Barth, 
Venus and the Sun and values of direct ascent angles within each 10 diurnal periods 
after the start. 


Table 35, Distance of AIS from Barth, Venus and Sun 


Ho.of 

Date (aero hrs 

Distance of AIS 

Qlst.of AIS 
from Venus* 

Diet.of AIS 

Dir.Ascent 

In- 

point 

universal 

from Seath,ad 1- 

from San 

of AIS in 

clin- 

on draw¬ 
ing. 

time) 

lion km. 

mi 11.km 

_J 

mill.km 

hrs(h) * I 

Mn (m) 

_L 

atioa 

of 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Ibbr, 

Mar 


A*r 

May 


3.4 

6,9 


0i27» 

Oh22" 


7,5 

3,1 

less than 0,f 


115 

til 


- 1 , 0 * 

—1,5* 

- 2 , 0 * 

—2,25* 

—2,25* 

•-4,25* 

0 , 0 * 

2 . 0 * 

W 

S,5* 


Measuring-Control Outfitting of AIS 

To control the AIS, establish its crbits and t w o -way eonmuuicatlom with ths 
AIS was constructed an automated radioteohnieal metering arrangement. 

The entire flight trajectory can be broken down conditionally into three 
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sections! section of flight of the heavy man-nade Berth satellite| section where 
cosmic rocket starts from board the satellite and section through which the US 
mores under the effect of gravitational forces in direction to Venus* 

Measuring the trajectory elements of the heary n a n m ade satellite was realised 
by speeial means , situated on the territory of the USSR. Data about the performance 
of units and components of the satellite were picked up by radio telemetering stations 
sot up orer the territory of our country, and by speeial ships stationed in the oeeane. 

The l^MMhieg of the cosmic rocket from the heary satellite was controlled by 
telemetering systems. 

After separation of the US was actlrated a measuring set of the near ground 
section, intended far carrying out orbital and telemetering measurements. At each 
measuring point of the near ground seetion were eet up radioteehnieal transmitting 
and receiving-recording deriees, parabolic antennas with program vectoring in¬ 
struments. 

Determination of actual trajectory when the AZS was removed from the Barth at 
a distance of 100000 km was realised by radioteehnieal means of the Long Distance 
Cosmic Radio Ccnmunieation Center. This center also picked up the telemetering in¬ 
formation and controlled the equipment of the station. Over the eonmand radio line 
ware connected and disconnectod the corresponding AXS inetrumsnts. 

The operation of all media of the AZS was carried out in accordance with a 
special progrm. which determines the duration of the coammicaticn soaneos, their 
periodicity and operational conditions of the installation. 

To plok ap radio sigwl at patter distances narrow band low-noise receiver 
units were used. This calls for sufficiently accurate calculation of the values of 
received an emitted frequencies with consideration of the Doppler offset. To main¬ 
tain constant frequency at the input of narrow band receiver filters, of receivers 
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situated on the interplanetary end at the zee ter lag point • prognosticating 

Doppler correction wee introduced into the emitting end receiving frequency. 

At points of the Long Benge Cosmie Radio Ceomunication Center larger antenna 
installations were constructed, allowing to piek up radio sisals from sourees, 
removed at huge distances from the Barth* 

The antenna can be vectores into any given point of the celestial sphere with an 
aeeuraoy of up to several angular minutes* Vectoring programs are automatically 
introduced into an electronic computer, which otatrols the antenna* 

All meaaureaent data are transmitted over an automatic line into a coordinating- 
computing center, where the trajectory measurements are processed with the aid of 
high speed electronic computers, foreeasts are made regarding the movements of the 
AIS and antenna vectoring programs are calculated. The coordinating-computing center 
supervises all the ground metering services in accordance with a act up program* 
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Chapter VI, Soviet Cosmio Ships-Satellites 


First Sovie: ship-satellite 

On May 15> I960 the USSR sent up into orbit a man-made Barth satellite 
of the first cosmio ship. The launching was carried out for the purpose 
of finiihing and testing the basio systems of a oosmic ship, guaranteeing 
its flight and return to Earth. 

Total weight of ship-satellite after separation of last stage of oarrier- 
rooket was 4540 kg. The ship satellite had a pressurized cabin with load, 
imitating the weight of a man, and equipment, necessary for man-flight into 
oosmio space. Weight of oabin (oapsule) was 2.5 tons. 

The ship-satellite was equipped with neoessary board devioes, total 
weight of which, together with power sources, was exaotly 1477 kg. The 
equipment oonsisted of the followingi 

orientation system, securing speoifio position of ship during orbital 
flight} 

braking power system, intended for decelerating the movement of the 
ship for the purpose of its change over at the given moment onto desoending 
trajectory} 

radioteehnieal and radio eleotronio equipment, intended for measuring 
the orbit of the ship, controlling the Operation of instruments carried on 
board ship, transmission to Barth of telemetering information and realizing 
communication ;ith ship} 

temperature and air conditioning control systems and many other systems. 
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Power for the equipment on board the ship was supplied from ohemioal our- 
rent sources and from a solar battery, automatically oriented toward the Sun. 


The radio transmitter "SIGNAL" mounted on the ship-satellite operated 
on a frequenoy of 19*995 mo in telegraph and telephone oonditions. 

The ship-satellite with the aid of a powerful oarrier-rooket was lifted 
into given orbit, olose to oiroular* 

The initial value of oxtoital perigee altitude was 312 km, and the alti¬ 
tude of apogee - 369 km. The initial period of ships' round trip in orbit 
was 91.2 min, at a 65* orbital inolination. 

After being lifted into orbit the ship-satellite was separated from the 
last stage of the oarrier-rocket. The last stage moved in orbit, olose to 
the orbit of the ship-satellite. 

During the flight of the ship-satellite the ground measuring points, 
situated over the territory of the USSR, oarried out systematic observations 
and reoeption of solent ifio information about the operation of the devioes 
and equipment of the ship. After completion of the investigation program 
the ship-satellite was to begin its descent with separation of the pres¬ 
surised oabin from it. No provisions were made for the return of the oabin 
baok to earth. After studying the flight oonditions in oosmio space, oheok- 
ing the functional reliability of the experimental oabin and separation of 
same from the ship-satellite, the oabin, as well as the ship-satellite, 
should oease their existence when entering the dense layers of the atmosphere 
along the desoending trajectory. 

In oonformity with the flight program on May 19, at 2 hrs 15 min. Moaoow 
time a oomnand was sent up for the desoent of the ship-satellite namely by 
conneoting the braking pcnrer plant and separation of the pressurised oabin. 
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The decelerating power plant functioned normally. At the time of its 
operation was oarried out the intended stabilization of the ship-satellite. 
Separation of the cabin from the ship took plaoe at the speoifio moment of 
time. Normal operationoof oabin stabilizing system has been reoorded. 

However as result of failure of one of the instruments of the orienta¬ 
tion system whioh took plaoe at that time, the direotion of the braking 
pulse became defleoted from the oaloulated one. In oonsequenoe instead of 
decelerating the ship there was a oertain inorease in velooity and the ship- 
satellite ohanges onto a new elliptioal orbit, situated praotioally in the 
previous plane, but having a muoh higher apogee. The perigee of the orbit 
beoame equa 307 km, and the apogee - 690 km. The round trip period in 
orbit rose to 94.25 min. 

The last Btage of the oarrier-rooket oontinued to move over the previous 
orbit. On July 17* I960, during the 1019th round trip about the Barth it 
entered the dense layers of the atmosphere and oeased to exist. 

Observation of the ship-satellite and reception of information from it 
after its transfer onto a new trajeotory oontinued. 

As result of the first launohing of the ship-satellite were obtained 
important datat 

tested was the take off and flight aooording to given program of a 
powerful oarrier-rooket, whioh seoured orbiting of oosmio ship with high 
aoouraoyi 

In the prooess of flying was oarried out reliable oontrol of the ship- 
satellite and its orientation) 

during the entire flight the air-oonditioning and temperature oontrol 
systems functioned normally) 

the radio means of the ship-satellite, intended for transmission of com¬ 
mands to the ship, for controlling its orbit and transmission of telsmetsring 
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information oarried out their mission suooessfully} 

the auto-orientation of the solar battery on the oosmio ship was oheoked 
for the first tiraej 

oommunioation with ship-satellite in telegraph style was normal. In 
telephone style, when realising relay of ground station transmissions through 
the equipment of the ship-satellite, there was too muoh noise interference 
with greater distortions. 

The launohing of the first Soviet ship-satellite was the beginning of 
a greater and more oomplex operation on the oreation of reliable oosmio 
ships, intended for man-flight. 



Second Soviet Ship-Satellite 

On August ^ 9 ^ I960 the USSR launohed a seoond oosmio ship into orlbt of 
Earth satellite. 

The weight of the ship-satellite minus last stage of oarrier-rooket was 
4600 kg. 

The hhip was lifted into orbit, olose to ciroular, with a perigee of 
306 km and apogee of 339 km. The initial period of ship's rotation was 90.7 

min., inclination of orbit to plane of equator - 64*57'. 

The basio problem of launching the ship-satellite was further develop¬ 
ment of systems, guaranting the life aotivity of a person, as well the safety 

of his flight and return to Earth. During the flight were oarried out numer¬ 

ous msdioal-biologioal experiments and realization of a program of soientiflo 
investigations of oosmio spaoe. 

To realize flight of a oosmio ship-satellite with living matter on board 
and safe return of same to Earth it was neoessary to solve a series of com¬ 
plex sclentifie^and teohnloal problems, securing« 

oontrolled flight of ship and its desoent to Earth with greater aoeuraoy 
at fixed point) 

conditions for normal aotive life of living substanoes in oosmio flight) 

reliable radio - and TV oomounioation with oosmio ship. 

All these problems have been solved suooessfully. Having completed the 
orbital flight, the oosmio ship together with its passengers - dogs Byelka 
and Strelka and other living substanoes have safely returned to Earth. 

This historioal achievement drew oloser the time for direct oonquering by 
man of the near aolar spaoe. 

faultless operation of all systems, guaranteeing the orbiting of the oosmio 
ehip, as well as high struotural data of a powerfull oarrier-rooket enabled to 

reaeh an or\lt, praetieally no different from the oaloulated. 
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Arrangement of ship-satellite 


The oosmio ship-satellite oonsisted of two hasio components» oabin of 
ship and instrument seotion. In the oabin were situatedt 
apparatus seouring aotive life of animals in flight) 
equipment for biologioal experiments) 

part of equipment for soientifio investigations (photoemulsion units 
and radiometer)) 

part of equipment of orientation system) 

deviees for recording the oharaoteristios of the oabin during desoent 
(feelers of angular velocities, overloads, temperatures, noises eto,)| 
automatic systems, seouring the landing of ship) 

apparatus for autonomous registration of data regarding the functioning 
of instruments, as well as physiological data of the test animals along the 
descending section) 

KJeotlon oapsule with two dogs. 

In the ejection oapsule, in addition to two dogs, were 12 mioe, lnseots, 
plants, mushroom oultures, seeds of oom, wheat, peas, onions, oertain types 
of miorobes and other biologioal objeots. 

Outside of the ejeotion oapsule, in the oabin of ship, were plaoe 28 lab¬ 
oratory mioe and two white rats. 

In the instrument seotion wae arranged the radio telemetering equipment) 
apparatus controlling the flight of the ship) part of the equipment for soienti¬ 
fio investigations (instruments for studying oosmio rays and short wave radia¬ 
tion of the Sun)) temperature oontrol devioes) decelerating power plant. 

On the outer surfaoe of the ship were situated rudder noaales and balloons 
(oylindera) with supply of oompressed gas for the orientation system, sensing 
elements of soientifio equipment, antennas of the radio system, experimental 
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solar batteries, as well as a thermo-insulation system to prevent burning 
up of the oabin along the desoent seotion. In the walls of the oabin were 
situated heat resistant illuminators and rapidly opening airtight hatches. 

The gaseous composition, humidity and air temperature in the oabin of 
the ship, neoessary for normal vital aetivities of the experimental animals, 
have been provided by a regeneration and temperature oontrol systems. 

Transmission of information about the state of the experimental animals, 
the physical oonditions in the oabin and in the instrument seotion, on the 
operation of the airborne equipment was realised with the aid of radiotele¬ 
metering systems to ground measuring points (measuring points on Barth). 
Badiotelemstering systems funotioned in two wayst 

a) direot transmission of telemetering information to the measuring points 
at the moment the ship flew over these points) 

b) storing of information with subsequent reproduction and transmission 
of that information during flight of ship-eatellite over the metering points. 

The ship was equipped with the radio system "SIOHAL" intended for opera¬ 
tional transmission of information and proeessing of radio telephone oommuni- 
oation problems with satellites. 

The transmit images of the experimental animals on board the ship a 
speoial TT apparatus was set up. 

Ship oontrol was automatio, and by the transmission of oommands from 
Barth. On board the ship was installed a highly aoourate-orbit oontrol system. 

Power for the equipment on board the ship was supplied from ohemioal our- 
rent souroee and from a solar battery. The solar battery was situated on two 
half-disks with a diameter of 1000 am, oriented toward the Sun with the aid 
of a speoial system, regardless of the ship's position. 


185 



Flight of Ship and its Return to Earth 

After the ship is brought into orbit it separates itself from the last 
stage of the oarrier-rooket. During orbital flight the task is being oarried 
out in aoeordanoe with a fixed program of its basio systems) orientation 
system, telemetering system, temperature oontrol system, soientifio and TV 
apparatus, as well as the apparatus providing conditions for vital aotivities 
of the living organisms situated in the oabin of the ship. 

Orientation of ship at the time of flight in orbit and along the descend¬ 
ing seotion is aooomplished with the aid of an orientation system. During 
the operation of the orientation system one axis of the ship was dlreoted 
along the local vertioal and the other one - perpendioularly to the plane 
of the orbit, the third one (longitudinal axis of ship) - perpendicular 
to the first two, along the intersection of the plane of looal horison and 
the plane of the orbit. 

The flight of the ship-satellite was tracked by ground stations, situated 
over the territory of the TJ8SR, The obtained information was transmitted 
automatically over eouminioation lines into oomputetion oenters. As result 
of prooessing these data on eleotronio computers were obtained accurate 
elements of the ship's orbit, whioh provided the necessary prognosis of 
further movement of the ship in orbit and the possibility of its landing in 
the given region. 

The requirements for exaot knowledge on orbital elements depend upon the 
values of permissible errors during the landing of the ship-satellite, because 
to land in a given region it is neoessary to seleot the exaot time for outting- 
in the braking (decelerating) power plant with consideration of the real values 
of coordinates and velocity of the ship-satellite at that particular moment 
of time. An error in ship velooity of 1 m/seo leads to a deviation of the 
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landing point by almost 50 km. An error in true altitude above the surfaoe 
of the Barth, equalling 100 m, defleots the landing point by 4,5 km, and an 
error in direotion of the velocity veotor relative to the surfaoe by the 
Barth by one angular minute leads to a deviation in landing polht by 50-60 km 

In conformity with orbital prognosis data, as well as in oonformity with 
telemetrio measurements, which characterised the operation of the airborne 
equipment, from the ooordinating-ooraputer oenter in aooordanoe with a preset 
program, oontrol oommands were transmitter to the ship-satellite in oosmio 
spaoe. 

During the 18-th round trip from the Earth was sent up a command for 
ship's descent with consideration of its landing at a given region (Pig. 160) 




Ilfrl&a Hiatt aft knatei of c. 9^49 ttlfegtttimn. 

1-deceleration with jet engine | 2-descending trajectory) 3-landing region for 
cabin of cosmic ship and tha ejected capsule. 

To naka tha ship-satellite dascant from orbit to Barth with the aid of a braking 
power plant it was decelerated to a velocity of notion as required by calculation. 
The dascending trajectory was selected ao that the overloads during the entry of 
tha descending ship into tha danse layers of the sfsepherc , and the tine of their 
action should not ezeeed the values permissible for living organians. 

After the ship changes onto a descending trajectory the instrument section was 
separated from tha cabin. Iha instrument section burned up when entering the dense 
layers of tha atmosphere. 

Along tha dascendii* section the cabin «as decelerated in the atmosphere by a 
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special braking system. Dropping down to an altitude of 7000 a, the eabin flew 
froa the aonent descent began about 11000 k». Kazioum overloads during cabin 
deceleration in the ataosphere amounted to 10 unite. 

At an altitude of 7*8 thousand ka upon command froa barometric relay stations 
the lid of the ejection hatch was thrown open and the capsule with the animals was 
catapulted out (ejected) from the cabin of the ship. The descending trip of the 
eapsule was at a velocity of 60 S a^sae. and that of ship eabin - 10 n/seo. 

Immediately after the catapulting (ejeetion) of the eapsule radio direction 
finding systems were eut in. intended for finding the direction of eapsule and 
eabin at the time of descent and after their landing. landing of anlmals.whieh made 
the flight on board the ship-aatelilts, could have been oarried out directly in the 
cabin of the ship, but for the purpose of operating the catapulting aye tarn, whioh 
appears to be a reserve landing system for future nan-flights, the eapsule with 
the animals was catapulted .ejected) during flight. 

lhe high landing accuracy of the ahjf>satellite (deviation of landing point 
from ealeuiated was less than 10 km) indicates high perfection of the ship's 
control system and the accuracy of determining the orbital elements by ground 
metering units, the error of whioh have a direct offset on the deviation of the 
landing point. After the landing the eabin of the ship and the eapsule with animals 
showed no signs of 1 snags , which indicates the perfection of the lending system. 

Providing conditions for vital activities on board the ship 
For aornal living functions of the animals speelfle atmospheric conditions la 
the eabin are needed. Therefore the basic requirements for an airtight ship eabin 
ware as followsi 

maintenance of barometric pressure, oloee to pressure at sea level, at an 
oxygen concentration of 20 - 25)1 and carbon dioxide concentration of not mere than Iffp 
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maintenance of air temperature within limits of 15 - 25 °C and relative humid itjr 
within limits of 30 - fOjCi 

purification of air from toxic admixtures*formed during the operation of eabin 
devices* as well as by the animals in the prooess of their life activities. 

Two such dogs* like Be Iks and Strelka* require 8-9 liters of oxygen per hour 
and exhale during the respiration 6-7 liters of carbon dioxide per hour and 0.25 
liter of water within a diurnal period. ThkUg into consideration that the normal 
life aotivity of a dog is disrupted upon a reduction in oxygen content to below 
18X and at an increase in the content of carbon dioxide to 2~3£* it will become 
apparent, that without adoption of special measured in the eabin of cosmic ship 
the animals may perish rapidly. 

To secure for the entire time of flight normal gas composition of the air* its 
temperature* pressure and humidity* the oabin was provided with an air conditioning 
system* which maintained the atmospheric parameters in the cabin within given limits. 

To maintain required gaa composition of the air in the airtight eabin of the 
ship it was provided with a special arrangement* in which highly active chemical 
compounds were used* absorbing the carbon dioxide and water vapors from the air of 
the eabin and generating an equivalent amount of oxygen. 

The employment of chemical compounds for the regeneration of air in cabins of 
small volume encounters* however* considerable difficulties* one of which lies in 
the fact* that the rate of coqrgea formation does not always meet the req ulr nme at 
of living organisms. To maintain equilibrium between the liberation of mcygsn and 
the demand for same by animals it becamra necessary to crests special devices* auto¬ 
matically controlling the rate of absorption of carbon dioxide and water vapora 
with tha formation of the necessary amount of oxygen* Thlo automatic control of 
the regeaeratioa process its carried out by a vary simple and reliable eonstructlem 
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at a sensitive element, reacting to chants in operational condition af regeneration 
unit on the whole, 

▲ radoetioa ia the amount of oxygen aad an ineraaaa la ear bon dioxide c one antra- 
tioa was absorbed (picked up) by a sensing element, transmitting corresponding sig¬ 
nals to the telemetering and operational mechanisms. In ease of exeessiTo formation 
Of oxygen the operational msehanims was automatically activated, aa result of vhleh 
the cabin was fed with air only partially enriched with oxygen, 

the given air pressure ia the cabin was maintained automatically. Especially 
developed dilters secured reliable purification of eabia air in ease it became 
contaminated with toxic ehemieal impurities, liberated as result of the vital activ¬ 
ities of tbs animals aad during the operation of the devices. 

Data about the operation characteristics of sensitive elements and about the 
parasmters of the air in the eabln wore transmitted over the telemetering system down 
to larth. 

Numerous experiments, carried out under laboratory conditions , showed, that 
the developed air conditioning aad regeneration system secures reliable maintenance 
within given preasure limits, relative humidity, as well ao oxygen and earbon dioxide 
concentrations in the air of the airtight eabia. 

The problem of creating the necessary conditions in the cabin includes also the 
maintenance of given air temperature. 

The dogs and other animals which took part in the flight wore capable of endur¬ 
ing greater fluctuations of the surrounding temperature. However when readying for 
the flight the job was create waximam favorable temperature conditions. The fact is 
that considerable deviations of conditions from normal expose the salmala to condi¬ 
tion of more or less large additional load, requiring corresponding strain of the 
physiological mechanisms, controlling the rltnl activities of the orgaaiem. 
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This m turn, would craata an unfavorable background for tha endurance of baaio 
eonditlena of cosmic flight - overloads, veightlessneaa etc. Consequently the problem 
ease up of maintaining the given air temperature with very narrow fluctuations. 

In solving this problem it was aeoesaafty to overcome a series of difficulties, 
a majority of which is connected with the inconstancy in the rate of heat liberar 
tion by the animal and the apparatus. But at the same time, in order that the air 
temperature should not go beyond the given limit, the amount of tapped (discharged) 
heat per each period should be within strict conformity with its entry. 

To eliminate heat from the cabin of the ship wan used a cooling unit with liq- 
uid-air radiator. The liquid refrigerant came to the radiator from the ship's 
thermoregulation system. Delivery of refrigerant was controlled in relation to the 
temperature in the cabin. Such a system secured stable air temperature maintenance 
in the cabin during the entire flight. 

To maintain given temperature in the instrument section and stable temperature 
of the coolant the ship was provided with a radiation heat exchanger and louver 
system.The heat from the airtight instruannt section, filled with gas, was drawn 
off directly to the radiation heat exchanger, situated on the body of the instrum¬ 
ent compartment. 

Teeding and watering the experimental animals during the long flight on the 
man malt larth satellite involve certain difficulties, oonnsetsd mainly with tha 
conditions of waightlsssnsss. Ihis eliminates the possibility of serving tbs dog 
water in an open vessel because the liquid can be carried away easily and it will 
become inaccessible for the animals. Solid food, intendod for foeding under condi¬ 
tions of weightlessness, should not crugble end break into piseos, 

▲ simple and sffaetivs method of surmounting the enymerated difficulties is 
the use of visoons, gel like mixture, containing tho necaaaary nutritions sub- 
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ituoii in sufficient Amount and simultaneously also tlk necessary amount of motor. 
This combined method of feeding anlmalo mas appllad for tha first tins to conduct 
a biological exparlmant on tha man-mad a Xarth satellite carrying tha dog Layka. 

On tha hmo&o af ealoulatlouo and mumraua axparia^nta mas developed a oor- 
aapoading prescription for tha ooabiaad fsading mix tor a. Such a faading mlxtura 
has a Jelly-like consistency and, poaaaaaea sufficient cohaaioa with tha mo] la of 
tha faad box* 

To portion out to tha experimental animals their daily allotment of faad 
mixture tha constructors developed a feeding automat. 

To protect the faad mixture froai spoiling it was subjected to sterilization 
in an autoclave at a temperature of 115°C f which offered reliable conservation 

of same* 

When testing the animal feeding system under ground conditions it was found, 
that dogs, feed for a longer period of time on the combined mixture from the auto¬ 
matic feeding hex, they lost no weight end auffered no thirst. It is neoessary to 
point out, however, that the use of combined feed required and long ayatamatlo 
training of tha animals in accordance with a special program uadsr conditions , 
eloaa to flying conditions on board a conic ship. 

Tor the mice and rats ware developed special cages. Along their wells were 
situated tubes - feed boxes, which were filled with dry nutrient briquettes, 
containing all tha nacesaary nutritious substances. Water wee in a separata littla 
tank ami flowad into the eege through a pipa with wick. The idea and ratn were 
prextrained to such a method of feed receiving. 

Catapulting (ejection) capsule (container) for Animals 
lbs catapulting container, in which dogs Byelkn end Strelka were placet. 
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appears to be one of the container varianta, developed for sen-flight, 


The shape of the container wee chose an with consideration as to aeeure, after 
the catapulting* stable position of container axis relative to the velocity veotcr. 
The container held the following units and aystonei 

cabin for animals with trough* feeding autenet, sanitation arrangement, air 
conditioning systen etej 

ejection and pyroteohnieel naansj 

radio transmitters, intended for finding the direction of the container) 

TV camera with illumination and mirror (reflecting) system) 
blocks with nuclear photoeoulsioas. 

arrangement of the system is shown in fig.l6l. The cabin was made of sheet 
metal. In it were placed trough for placing the animals, feeding automat,sanitation 



Jig.l6l, Hermetically sealed animal cabin in ejection container on board 
tha ahln-aatsllltsi 

1-bottle of air supply systsn) 2-tha pyrotsehnieal mechanism of ejection) 3 - radio 
direction finding unit) H- special storage battery for heating microbe tost tubes) 
5-storage battery) 6- special aciantific equipment unit) 7* ajeotion container) 
3-aovenent feeler) 9-airtigfat animal cabin) lO N rt crophcuc) ll»* radio direction 
finder antenna) 12-input and output vulvas) 13-TV camera) Horror) 15-v«mtilation 
16 -ecnbined fsed mechanism. 



On the wy trough trari situated tbs movement fsslsrs and automat for measuring 
blood pressure of tbs salmis. On tbs upper bottom* made in form of a removable 
lid, vote placed tbs TV camera, illumination and mirror system, fan and block of 
microorganism containers* 

In tbs cabin vers secured containers for small biological objects and a micro- 
Idiom, enabling to estimate tbe noise level in flight* 

All tbe systems of the ejection container (fig*l62) with animal cabin were 
designed for longer stay in eoamic flight* 



Hgi-42aftllgtig» goSJEflPf? wjfh fnlfgl.mf 
top - right view » bottom - left view* 

Tele via ion apparatus of cosmic ship 

Objective data on tbe physiological functions of experimental animals oannot 
be fully generalized if no possibility exists for simultaneous direct observation 
of the animals. The TV system of the ship-satellite provided the physiologists with 
such an opportunity* Image** transmitted from board the ship at the time, whan tha 
( ship-satellite was in tbe zone of action of ground receiving points, were recorded 
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on notion picture film* Simultaneously on the Tory sum fila with an accuracy of 
up to 1 frame were recorded time markers* synchronized with the tine markers* re* 
produced on telemetering tapes* In this way* hy compering the films it was possible 
to determine how the animal behaved at the giren moment of time end what physiolo¬ 
gical ohangas accompanied these or any other activities of the animal* 

Whan constructing the TV apparatus a number of contradicting requirements came 
up* On one hand, it was necessary to secure high quality of the image* on the other 
hand, to reduce to a m a rl mum extent the weight* overall dimensions and* particularly* 
the power requirement of the apparatus* The scientific problem of transmitting in¬ 
formation on the behavior of the animals and coordination of their movements* allowed 
for a considerable reduction in the parameters of the CT-lmagei number of scanning 
lines* frequency of frames thus sharply narrowing the spectrum of the TV-signal* 
Taking under consideration also the technical factors - in the first experiment 
it was found advisable to work in a possibly more narrow frequency speetnan* in 
order to guarantee against possible frequency-phase distortions* which could have 
originated during the transmission of speetrua of several me* 

The selection of such parameters provided the possibility of creating a highly 
economical and reliable radio channel with pester supply of energy with an image 
satisfying the requirements of ths given problem* 

On board the ship were plaeed two sasll sis# TV earneras. Ons* situated direct¬ 
ly on the container hateh* through the window of the hatch were transmitted Images 
of Byelka safes > front view. The second camera was pieced in the cabin of the ship 
and through the side window of the container transmitted images of Strelhs la 
profile (fig.163) • 

TV transmission began long before the take off of the ship. The condition of 
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the animals was observed on tha taka-off section, at the moamnt of ehanp orar from 
overloads into vsigfctlsssasss and than during all tha turns, whan tha ship-satellite 
was in eomnioatioa with any one of the pound receiving stations (fig. 164 ). 
Connaetion and disconnection of TV saner as and auxiliary ill umi n a tion va s realized 
upon cosamade from tha larth. Tha oanaras were ecnnaotad alternately.There was tha 
possibility of switching ewer the cameras at any given moment of transmission. 

At tha pound stations, in addition to visual observation devices, were placed 
duplicated recording devices, in which all steps have been taken to secure highly 
reliable registgAtiaa. 

The obtained TV filns are of peater scientific and perceptional important*, not 
to mention the impression, which the viewer experiences, having pined the possibility 
with "his own eyes* to take a look into the cosmos. 

Orest also is the purely technical value of the first experiment on the trans¬ 
mission from oosmos of inaps of moving objects. Zt yisldsd highly valusbl# expe— 
riaaes , which will enable in the future to develop and improve cosmic TV ayetoms. 

Medical-Biological Investiptions 

Tha basic problems of medics 1-biologioal experiment on the eoamie ship-satel¬ 
lite werei 

studying the life activity characteristics of various animals and plants under 
conditions of cosmic flight. 

studying tht biological effset of baoic cosmic flight factors on living or¬ 
ganism (overloads, lasting waightlsssaaao, chanp over from reduced weightiness 
to increased and vice versai 

Studying the effect of eoamie radiations on aninal and plant crpniams (on tha 
stats of tholr vitality and heredity)> 
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cell* (Hellcells) and small preserved sections of human skin and rabbit skin. 

In addition, the ejection container contained four automatic bioelements with 
culture of oil-acid fermentation bacilli, with two bioelements situated in a special 
thermostat, and two in a nonheated container. 

The experiment was preceded by greater preparatory work, including the development 
of investigaticn methods, control and recording equipment, as well as preliminary 
experiments, in which was investigated the effect of individual factors on the 
state of animals and plants, necessary background and control experiments. 

When readying for the biological experiment on the cosmic ship-satellite in role 
of basic biological species were used traditional laboratory animals - dogs, the 



Flg.l&uftrelka in various 
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These animals submit to training and resist various physical effects. The presently 
applied methods allow with sufficient accuracy and ease to record various physiol¬ 
ogical characteristics of dogs. 

A whole series of requirements came up in connection with the experimental 
animals. lhe dimensions of the dogs had to provide a sufficient degree of freedom 
of movement in the oabinj color - qualitative and contrasting observation of the 
movements of the animals through the medium of TF. Preference was given to so- 
called ■ pure breed dogs ■ , which were distinguished by high resistance to actions 
of various outer conditions. Great importance was attached to the type of nervous 
activity! selected were dogs of strong, balanced, movable type in which the condi¬ 
tional reflexes necessary for the experiment have been easily developed. 

Far the experiment we re taken mature dogs in the age bracket of from one and 
one half to three years. The animals were subjected to thorough physiological and 
clinico-veterinerial investigation. To record arterial pressure operations have 
been performed to bring out the carotid into the cutaneous part of the neok. For 
reliable registration of cardio biocurrents under the skin, were applied electrodee 
made of a special alloy. 

As is known, duriug the flight on a cosmic ship the experimental animals should 
be confronted by a whole series of unusual factors! greater accelerations, vibrations, 
noise, long stay in a hermetically sealed oabin, feeding from automatic devices 
and realization of natural organismal functions in special clothing. 

To train for the experiment the dogs underwent a longer period of training in 
a model of the cabin of the ship-satellite with a fixation systss^allowing the 
animals to carry out the volume of movements necessary for normal life activity. 

The time of finding the dogs in fixed position was increased gradually.The dogs 
beeams accustomed to wearing sensing elements, fixing clothing and sanitation 


200 


dvrlui • 11 m program of animal training ineludad also training of dogs in being 
fad with specially praparad mixtures from autoaatie dariaas ( to which. as 

a rule* the dogs became easily and rapidly accustomed. 

Soring the process of training was carried oat a greater number of examinations 
to determine the resistance of dogs to accelerations, lech of the ehosen animals 
was subjected several times to the effects of accelerations on a speolal stand. 

The experimental results allowed to eatabllsh the satiafaetery endurance by exper 
imeatal anla*Is of overloads with slight individual fluctuations of the physiolog¬ 
ical parameters. 

As is known, along the section of ship orbiting the organism of the animal 
is subjected to the effect of vibrations, which can definitely affeet its ceadl- 
tien. To explain this problem experiments were carried out by the resulta of whieh 
it was possible to estimate the setiafaetory endurance of the animal of vibrations 
anticipated in flight. In addition, separate series of experiments have been made 
to examine the individual resistance of animals to the effects of shook over loads 
(taking place during ejection of the container), reduced barometric pressure, 
higher and lower temperature. 

After completing the whole cycle of training and testing for participation in 
in the flight experiment were chosen dogs Byelka and Strelka (fig.l65). 

Both dogs passed preliminary training and testing jobs with satisfnetlon and 
were then placed in preflight condition. 

To control the condition of the oninals in flight and to solve the physiolog¬ 
ical problems of the experiment a special set of medical investigation devises was 
developed. This set secured the recording of the physiological functions of the 
experimental animals in flight of the cosmic ship* 

Baring the flight were recorded the following physiological characteristics! 
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arterial pressure, e lee tr sear iograa, tonicity of tha heart . respiratory frequen¬ 
cy, body temperature, material activity of the animals. 

Together vith this were fixed data an barcow trie pressures, temperature and 
humidity in the airtight eabia, as well as control data on the functioning of ays. 
teas providing conditions for life activities* 

Vith consideration, that the basic purpose of aniaal experimentation is the 
training of man for flight into cosmic space, greater attention has been devoted 
to probleas, connected vith the study of the functioning of the aeterlal apparatus 
of the animals , and in particular the coordination of arbitrary aovaneato. Tor 
this was used television and special aoveaoat sensing devises. 

The Tf filas photographed on the pound allow to estimate the behavior of 
the aniaale in cosmic flight. In combination vith inforoatiens received from move* 
aent sensing deviees. they can provide notarial for judging about the state of 
higher functions of the central nervous system and about the adaptation of the 
aniaale to velghtlessness conditions. Thanks to the presenoe on TT films of single 
time Barkers each awveaent of tha aniaal can be connected vith greater aeouraoy vith 
the already available at the given moment values of any given physlologleal func¬ 
tions. 

In the aniaal cabin in I'aaodlate vlelalty of the dogs, as veil as on the clothing 
of Byelka and Stroika ve placed Individual dosimeters for measuring ionising radia¬ 
tion. Returned together vith the animals back to Barth the dosimeters yielded data 
on the offset of charged particles on tbs animals, effoet of eleetromsffmetle radia¬ 
tion and of neutrons, included in the composition of cosmic radiation. 

Investigation and evaluation of the biological offset of various factors, connect¬ 
ed vith opanic flight, and above all the study of the biological effoet of cosmic 
radiation, vhieh represents a highly soap I ex and varied problem, requiring the in* 
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volvcmant ef the oNt variegated investigation methodsi physical, general clinical, 
physiological, biochemical, microbiological, iamanelogical, genetic ate. 

Of great importance la the study ef metabolism change a* It ia important to 
explain, whether alight reversible functional ehangea do take plaee here ar are 
there peraitent aatabollaa diaplaoeaenta. Tor thia yarpeae waa aeleeted a group ef 
biochemical indices, which characterise the fuaetieae ef the liver , endoerinal and 
nervous system which underge eoaaiderable ehangea at greater leada agaiaat the or¬ 
ganism, and under the effect of ionising radiation as well* 



7ig.ldj,Iirat travellers into canoes Bgrelka and Strelka 
—gjtagn^ag it Mft._ ; _ 

During a nuaber ef a ea th a prier to fligit and when trained to endure the 
effeeta of individual fligit factors (acceleration, vibration) the dogs were exam¬ 
ined far the following characteristicsi albuaina fraction in bleed serum, aerua 
aucoid, eholinesteraee activity ef the blood, desoxycitidin in the urine* 

▲ aerlous task waa the examination of the etatc ef the eardio-vaseular system 
of the aniaala, which coapleted the eoaaie flight. Brier to flight the animals were 
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a iamln od within a period of stroral aonths.The oranlnation covered arterial and 
▼anal tonicity* Taaoular reaction and roapaad to compression * ao well aa akin 
temperature* After returning to Sarth the doge ware again subjected to thorough 
ozaninatlon of their oardio-Tasoolar systems, and especially the state of the 
peripheral Tassels* Xxaainatioas of ByeUca and Strelka dago after return to Sarth 
roroalod no noticeable ehanges. 

A study of the inaunologieal reactivity of the experimental doga created 

the following important tank. It was neoossary to explain, whether the effeota of 
eoanie radiation and other flight faetara will bring about a depression of the 
natural nea-suseeptibllity to niorobes and derelopasnt of infeetioua diseases as 
result of it. This is tho mere so impertant* since the future cosmonaut will hawo 
to remain for a longer period of time in confined quarters of a cosmic ship* 

Strelka and ^olka wore asmmiaed prior ant after the flight to diagaose the pha- 
goeytle and baetorieldld functions of the blood, and the baeterieidie properties 
and natural mlcroflora of the skin. These examinations on Xsrth were also carried 
out when the dogs were under the effect of accelerations and Titrations* 

For all around study of Tarious functional changes* occurring in the living or¬ 
ganism at the tims sf flight, it is desired to gain data on a possibly larger number 
of animals* In these tasks in addition to the dogs, two white rats and mice wore 
used* 

The study of rats began seTeral months prior to the flight* bith the aid of a 
conditional reflex msthod was inrestigatod the higher nerreus aotiwity of those 
animals* the tpologleal eharaet*rlstles hare been determined, blood analysis was 
made and an eleetroeardie^am was taken* 

Already the first esaalaatioat. after returning to larth hare shown * that the rats* 
as well as the dogs* hare wall endured the flight. During the flight *hey fed well 
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on the nutrients stored in the feed hexes • A thorough inspection of the rets 
rereeled no seretehes er contusions. The animals lost ae weight, they were normally 
netire. 

The program of biological investigations on the second ship-satellite was also 
based ca the use of aierobiolegieal aad cytologies 1 investigation methods.These 
aetheds allow to solve effectively such important problems, as detoradaation of 
specific tins intervals living sells earn remain in cosmic space, their growth and 
developamut under such conditions. They are also applicable in studying the genetic 
offoet of cosmic space factors, especially the factor of oesaie radiations* 

Ae characteristic of genetic effect of these radiations should be nanifold, 
that is why, in addition to using animals ( o*g* rodents, insects etc), it is also 
possible to use mlerecrgurtams and living cells of human body in tissue culture* 

These and others possoss certain advantages in connection with the greater rate of 
nultlplieatien aad corresponding rapid change in generations* furthermore, a study 
of changes in the properties of microorganisms, especially such constant 'satellites 11 
of humans* as intestinal bacillus aad staphylococci, is highly important in estim¬ 
ating their behavior in the organism of future coamonauts* 

In modern genetic investigations in the role of object special ^eat attention 
is attracted by bacteriophages - ultramleroseopio agents, porasitlsing on bacteria 
and entering with same into complex genetic relationships* Jhrtleularly sensitive 
indicators of genetic effeot of radiation are the so-called lysogenic bacteria, 
which upon irradiation are capable of producing bacteriophages* Of familiar in¬ 
terest is also the study of the effsot on growth aad developaent of such living 
colls of accelerations, weightlessness, vibration etc* 

In conformity with these deliberations on the second ship-satellite wore placed 
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various microbiological and cytologival objects, They vara eapaaially jraparad for 
thia experiment, whereby the aalaetian of these objaota vaa guided by an effort 
to aalaet organise*, widely uaad in laboratories of the vbola world far the 
parpaaa of obtaining comparative roanIts. In tha number of objects vara inelndad 
intastinal bacilli cultures KK-12, for which tha basic origin vara, vail known 

to microbiologists, bactaria with tha noat clearly expressed genetic obaracfaristie* 
Ibis allows to make a quantitative determination af tha degree of genetio 
changsa and to compare these values with tha level af radiation and quality af cos¬ 
mic particles, registered oa beard tha ship-satellite by physical instruments, 

Through long and thorough examination of the returned cultures it will be pos¬ 
sible to reveal the degree of changes in the number of so-called induced mutations, 
i*e* pathological in a majority of instances changes in hereditary properties* 
furthermore, there is the possibility of investigating these cultures for the pur¬ 
pose of establishing the effect of radiation oa the number of bacteriophages produced 
by them * 

The varieties of intensitiaal bacilli B and "aeregenesis*, used in the exper¬ 
iment, also appear to be objects for studying nutation frequency* 

To invostigsto tho genetic changes in ths most minuts living substanoss -bac¬ 
teriophages, the *-2 stamen vaa used. 

Baaldos ths T-2 was also usad tha bacteriophage ataman 13-21, specifically 
affecting the intestinal baelllus of tha "serogenesis* type , It was intandad 

far studying ths ehangss in ths nsturs of lysis (diesol v sms n t of baoteria, vhleh 
taJfea plaea in praaanes of bacteriophages )• 

This preetsa far tha phags 13-21 syatsm - intoetinal baelllme "aeragonesis* 
was documented for the first time by oeytrspheric sderephetograpkiag sad slsstrem 
nUrsaeopy* 
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With ruptet to all the nsntionad organism mi fivst obtained a detailed 
structural-physiological characteristic with the aid of the aawaat mathods. Partic¬ 
ularly, intestinal bacilli and staphylococci. which bars also boon azpoaad on tha 
ship-satellite. wavs investigated undar an alaetvoa aiaraaaapa partially with tha 
aid of tha oltvathia adcroaeopid section routiaa. 

As to the oily-acid fomentation ulerobes usad in tha asperinant. thay wara in* 
tandad only for tha development af automatic registration nsthods for tha vital 
activitiaa of nioraargailst. Tha devolcpmnt af auoh nsthods affars tha poaaibillty 
af determining tha lifa span af calls on long flying and non-returning aatallltaa 
and raokata. Tha tasting of oily-acid fomentation bacilli has boon perfectly jus- 
tified in this raapaet. 

On that basis wars developed an approved nsthods and special instrwnsnts - 
bioelsMuvta, which sake it possible to rooerd and transait to Barth si^sals,char¬ 
acter is iag tha viability and physiological performances of tha anallast living sub- 
stanaas - bacteria for any length of tine of roeket flight. 

Bioolenents after any axpooara in flight can be aotlvatad by signals from larth 
or by a programing devise on board tha ship. 

On tha second ship-satellite an effort was also mdo to ana for genotie char¬ 
acterisation of eoaade spaeo living cells in tissue cultures. Zt is known, that 
heredity in ouch calls subjected to tha affect af radiation ehangss a hundred tines 
easier, than in nierobos. But to preserve their vitality far longer periods of tins 
without reseeding into saw nsdia is vary diffleult.To carry out auoh an oxperlnsat 

it was necessary to select wall growing eclls and suitable nutritious nsdia for 
this 

sans. Thkiag into consideration a fact on the ship-satellite wore usad 
eaneareus sails, conditionally called Ball's eells.Yhsso sells thrive well on 
artificial nsdia and are widely used far studying genetic problems and far studying 
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the nature ef eUNit Tor the cultivat* en of such cell* «• employed e method, 
enabling to obtain columns (accumlations) of eelle ea the well of glass toot tuhee 
in which germination is serried oat* 

It was established during previous teste that the columns of censer sells ad* 
hare to the sells of glass test tubes end ampoules with such a persistency, that 
they withstand vibrations, by nmoh exceeding the ones, which take place during the 
blasting off of modern rockets* This offers the possibility during the processing 
of data to give a mcrphelege-biological characteristic of the cultures, a part of 
the development cycle of which took place in a specially constructed smell th erms 
stat en board the ship-satellite* 

On beard the ship-satellite were also exposed small sections of human and 
rabbit skin for the purpose of explaining the possible effect of esarnie spues foo¬ 
ters on the particularly sensitive cellular systems* 

In our time biological, as well as genetio, investigations have been earried out 
in close cooperation with physieo-ehemieal investigations* In particular, in the 
last deeades it was shewn that chemical substances can participate in the transfer 
of hereditary s ym pt oms from erne variety to another* Such a chemical substance is 
descsyribenueleinic acid (OK), included in the ccmpositien of nuclei of animal 
cells, plants and microbes* It is highly probable that this compound will first 
react tbo genetic effects of csarnie radiation, lfcking this under consideration, on 
the ship-satellite were placed ampoules with desesyribeausleinic acid, obtains! 
from the goiter gland ef a calf, with part of the ampoules filled with cay gen* 

In this way, on board the ship-satellite was carried out a series ef purposeful 
experiments on animals cells, ajcrocrganlsan, bacteriophages and complex -u'ganic 
molecules in order to do everything possible for solving the problem of viability 
of sella and radiogenetic safety in cosmi c space* 
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la addition to paroblam of explaining tho effoet of coomic flight factor*, 
firot of all coeaie radiation, on the physiology of roganlsns, foundatioaa wore 
laid for tho study of tho effoet of thoao factor* on heredity, and for solving the 
problem concerning genetic danger of comic flights* 

Numerous investigations by Soviet and foreign scientists established, that such 
types of ionising radiations , a* x-ray*, gasam nays, fast neutrons and certain 
other, represent a powerful souree of hereditary changes in all ergsnisns, including 
that of nut* 

Xxperiments in the bombardment of hunan tissues with x-rays showod, that a 
dosage of 10 Roentgens doubles the frequency in the origination of notations. It 
was explained that various typos of ionising radiations have different biological 
effectiveness. Tor exanple, fast neutrons cause one and one half to two tines acre 
nutations than x- or ganaa rays. The gsnetlc effoet of prinary cosmic radiation 
could no be investigated until now* The flight of the eeeoad comic ship-satellite 
has, finally created the possibility for such an investigation. 

In spit* of the foot that a predominant number of nutations is harmful, sons 
of these under speoific conditions of the medium can be useful for viewing. Sueh 
useful mtatioaa play an important role in the evolution of organic world and in 
the creation of new highly productive stamens of microorganism* and types of cul¬ 
ture pleats.Radlose lection of microorganisms and plants in recent years becomes me 
of the tasks of selectleaors. Therefore,in addition to explaining the genetic hasard 
of cosmic radiation* it is necessary to explain also the possibility of using same 
for radio-selection purposes* 

On the ship-satellite were situated the following kinds of or^nisms, intended 
for first line genetic investigationsi aloe of two different lineage”', snail fruit 
flies-trushos also of two different lines, two trad es c o ne is plants, wheat seed type 
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186* Mad* of three typo of peas* differing in radio stability, tvo typos of corn 

- a Neaohiaovsk a and a MDSC0W a , baton and nits 11 onions, actlnc^reete fungi - producers 
of antibiotics* 

What explains tbs sslotioa of such objects for first genetic investigations* 
connected with cosmic flight t 

Mice and thrushes ’ey virtue of a number of biological characteristics 

- high rate of aultiplieatioa and ohanga in generations* easiness of their breeding 
and because of the enormous variety of their features* the heredity of which has 
been veil investigated* are highly suitable for genetic investigations . Mice spend¬ 
ing soam time in the c os m os should be subjected to thorough cytologioal analysis 

for the purpose of explaining the changes* which might have taken plaee in cells of 
various tissues under the effect of cosmic rays, first of all it is necessary to nabs 
a thorough examination of the state of the c hr cows code apparatus of blood produeiag 
organs. 

As mentioned above* In the flight participated two kinds of thrushes (flies) 

One of these - line a-32 - is distinguished by very lew stability under natural 
conditions * the second - line fi-ll - on the contrary* distinguished by very high 
natural notability* 

The tradeseancia plant - classical object of eytologieal investigations *sinee 
it possesses a snail number of well distinguishable between each other ehromesasMu* 

In the animal cabin were especially placed plants with buds* because chronosomie 
trensfomatleas in tradeseanela oan be best observed in the eella being produced 
during the formation of pollen. 

Dry seeds of culture plants - what, corn* peas - were used for the purpose of 
learning whether cosmic radiation causes any kind ef changes (nutations) in various 
types and kinds of plants. 
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As to onions and aigcllas* they art used basically foor eytologieal investigations* 
Ionising radiation is widely used for ths obtalament of new* more productive 
stamens of actlasaycctcs, offor lac sash Talnable antibiotics, as paniciIlia, strepto- 
agrein and others. On ths cosmic ship wars placed two stamens of fungi - producer* 
of penicillin , highly distinguishable in radioactivity. Investigation of results 
ef them being irradiated in coaaoa will allow to solve the problem of biological 
effectiveness of ooanlc radiations with respect to the given* very important object . 

It should be pointed out* that each one of the exonerated genetic experiments 
is accempanied by strict control experiments with very saan objects under normal 
conditions for same, this gave an objective evaluation of geaetle investigation 
results* 

Learning the lavs of heredity and controlling sans - one of the important: prob¬ 
lems ef modern natural sciences. The entry of man into cosaoo heralds the beginning 
of a new chapter in the development of geaeties * a chapter, devoted to learning the 
laws governing the effect of cosmic flight factors on heredity and evolution, devoir 
epsmnt ef methods for protecting against the garaful effoota of these factors and 
utilization of their positive effects* Genetic investigations on the second ship- 
satellite are only the first steps la that direction* 

In the plan of leag lasting future flights cosms up the aoute problem of gener¬ 
ating air in hemetioally sealed cabins and provide food for ship crew. Already sim¬ 
ple ealsulatioaa show, that the use for sash purposes of ehmnieal reagents and food 
supplies, taken on the Perth, would lead to a very high initial weight of ths ship, 
because the reagents and food taken from the Perth will not be reproduced along ths 
flight* In this connection within the seals ef our entire planet such processes as 
carbon dioxide absorptlem* genera ties of exygaa and synthesis of complex organic 
subs teases from completely oxidised ernes are realised in leaves of green plants as 
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result of photosynthesis 


Sense e hypothesis ease into beinf that it is nsosssary to srsats on eoanie 
ships fsr purposes of regenerating air and derivation of food so ealled hot houses 
of grass plants* which absorbing the earhou dioxide discharged by the living er¬ 
gs nisa, wool1 produce food and generate oaygan* Nest suitable for sueh purposes are 
aiereseopie green algae* which develop very rapidly, are distinguished by greater 
photosynthesis activities and a number of other valuable fealitles* 

These considerations established the need for studying ths effsot of eoanie 
flight conditions on the preservation of vital functions of green algae* Chlorella 
situated on beard the ship was placed in epeeiel enpoules in different physiological 
state* on diagonal agar and in a ll«uld nutritious nsdlun and diffsrant suapanaion 
density* The eigne were then exposed to light end darkness as well* 

Scientific investigations on eoanie ship* 

When studying cosmic rays a very inpertant problem is the quantitative ratio 
of various nuclei groups in prinary easnie radiation* 

Presently thers art no axaet data on ths ratio of nuelaar stream of nuclei 
belonging to ths carbon* nitrogen* oxygen group to ths stream of amelel belonging 
to ths lithium,, beryllium* berom groups (most interesting from the viewpoint of 
origination of eoanie rays). Because of this it appears to be impossible to make 
a final aonalueion about a specific msehaniem of regeneration of anelei during the 
movement of acoeloCatod particles in Interstellar space* To obtain now data in this 
field* it is necessary to know the magnitude of the ratio of streams sf above men¬ 
tioned nuclear groups with greeter eecureey* 

The aeeead eoemlc ship serried an apparatus * with the eld of which it is pos¬ 
sible to obtain data on the co^oe/tlen of cosmic rays in the ancles* interval sf 
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from helium to oxygen. For this purpose were used Cherenkov computers, controlled bgr 
• toloseopid device node up of halogen gee disekorgo counters . 

When cosmic radiation particles pass through the instrument in the given solid 
angle was activated a coincidence circuit, the pulse in which opened the channel 
of photo-multiplier. From the collector of phstoOmiltiplter was taken down the signal, 
originating when a nucleus flies through it* The amplitude of the pulse at the out¬ 
put of the Cherenkov counter is proportional to the square of tie nuclear discharge, 
with the aid of a special device signals of various amplitudes have boon converted 
into signals of corresponding duration, on which were superimposed sisals from a 
standard generator. The number of pulses, filling up each one of the signals, was 
computed hjr a computing system and transmitter to the telemetering system. 

Parallel with the m easu rements of the mentioned groups ef nuclei were measured 
the streams of much heavier particles. With an integral Cherenkov c o mp uter were 
meas u red streams of nuclei with e charge ef more than 5, 15 and 30. 

Flight of the second conic chip end itc return to larth allowed to Obtain in 
cosmic spaee phstea of thaae processes, which took place in microcosm. For this 
purpose wore used se-ealled nuolear photoemalsioae. Flying through these enulsions, 
particles of cosmic reye experience collisions with atonic nuclei. As result of the 
collisions thcro is not only disintegration of the atomic anelei but also naw part¬ 
icles coma into baing. The originated particles also experience a nrnmbor of csever- 
sioma. In tba emulsion take plana saw acta of rooetion of partiolos. created as 
rsault of firat collision, with the atomic anelei of the substance. 

with the aid nf nuclear phetosnalslons is possible to obtain sufflelsatly 
detailed photsa of thsos phsmonoaa.Stodylng tba photoamilalone under s microscope 
it la possibls to rsproduos a picture of the processes, having taken place within 
billionth fractions ef a seco n d . 
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It i« loan, that the cleat aeeeleratera constructed on Sarth. offer the pos¬ 
sibility of obtaialac per tie lee with ea energy be lew specific limit, la cosmic rays 
are oaeeuatered particles with ea energy millions of tlaas greater thea that. Tha 
carryiM^f aaclear phetoeaaleleas iato easaie space will allow f«r aa effective use 
of this gsiaat eeeeleretar existing ia aatare. 

Oa the seccad coaaic shfp were placed several bleoke ef thleklayer phetoeml* 
sicas, with direct development of pheteeilsioa la oae ef these ca beard the ship* 
Development of pheteeaalsioa on beard ship after a given time ef ex p se ar e (of the 
aagaitade of 10 hrs) allows mows reliably to separate oat treses ef individual 
nuclei against a general background of cosmic radiation* 

The autonomous prograa^ag device of the phetoeaulsioa block after expiration 
of a given time issues a command, by which the piston situated in the interior of 
the cylinder separates the exposed la'^yers and simultaneously introduces into the 
working volume the developer solution. The developing lasts 90 minutes, after which 
the developer is removed by the return movement of the piston. Then follows a cos* 
mend for secondary separation of layers and Introduction of preserving solution* 

In the preserving solution the layers can be stored for several months, all the wa^ 
to tha beginning of final photolayer processing. taring the processing can be in* 
vestigated traces ef relativistic auelei of first eooaic radiation and data aro 
obtained on the guanvitative ratio of streams of various groups of auelei* 

la addition to the described photoentlaion block, on board the cosmic ship were 
also placed three more blocks, charged with a thick layer nuclear esulslon. which 
does aot develop ia flight* 

The IK-2 block, intended for registration of elementary processes of nuclear 
reaction of high energy particles ( in the area of 10* 2 ev and over ). had aa 
eamlsioa pile, composed of many layers of nuclear phetocmilsloa with a dimension 
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of 10 z 10 ca* The thickness of each layer nos 400/*'. Between the eaulsion layers 
were placet this, of magnitude of 1 as, ■targets* Bade of a light substance. 

The presence la nuclear eaulsion of silver and broaiae atoms and the arranged 
■targets* offer the possibility of registering the ease of reaction of high energy 
ausleoas with heavy eanlsioa nuclei and with light 'target* nuclei as well* 

The high energy particles (neutral5?-arsons) generated daring acts of nuclear 
reaction give rise to photon showers, for the registration of which a 

special detector was placed in the I*-2 block, this deteoter was plaeed under the 
eaulsion pile* This deteoter consisted of seven lead plates 5 an in thickness each 
(which corresponds to oas cascade unit of length)* Between the lead plates were 
situated nuclear eaulsion and luaineseent indicators of showers* thus facilitating 
the detection of concrete reaction acts* 

Analysis of electron-photon shower instances, registered in nuclear enulaion* 
gives a certain «nantitatlve characteristic of sane* and about the energy, imparted 
during reactions to Reasons. The knowledge of that energy, as well as an analysis 
ef corresponding achievements, registered in the enulsiea pile, offer the peesibillty 
of determining the individual parameters of the given nuclear reaction* 

A comparison of obtained quantitative characteristics for actj of reaction of 
primary cosmic radiation particles with light sod heavy nuclei will allow to explain 
the specificity and offer certain conclusions on the meehaaftmn of this reaction* 

Of special interest is the job of explaining the reaction nature ef high energy 
mltio barge particles , the study of which was impossible under ground conditions* 

To investigate anlticharge particles in the composition of prinsry cosmic radiation 
the ship was efuipped with T-l and T-2 phot trail c ion blooks* 1-1 and 7-2 blocks 
represented caOsion piles with a volume ef 0*8 liters each* 
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One of the nierophotos of • typieel sue leer reaction, recorded in the enisle** 
pleeed on boerd the cosmic ship»satellite» Is shown in flg*l66 • 



The presence in interplanetary speee of cosmic rays end radiation hands of the 
larth any in assy instances present a real danger foftinterplanetary apace travellers* 
It hae been proven ezperiaentally in reeent years* that sometimes originate a a 
temporary inereaee in coeaie ray intensity* eonneeted* most likely* with the devel- 
opaent ef solar activity. It was established* that at the moment ef cosmic ray eon 
flagratloa its intensity rises theasaads of times. 

Laws governing the time of cosmic ray conflagration cannot be established so 
ter* Bat pretec ties against solar flare ape ef cosmic radiation is an absolutely 
real problem. 

As is known* near the larth exist radiation bands* representing nones of 
highly intensive radiation* consist lag of charged particles* trapped in e trap* 
created by the terrestrial ascetic field* 
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Inxoatigatioaa carried out an HQ-aidi aatellltea aad eondo rocketa* show, 


that around tha Xarth thaxa ara two zoaea of high intensity radiation, lha on tar 
radiation zona by tha radiation eompoaitlon eoaaiata of alaetrona of wide anargy 
spectrum lha atraam af alaetrona in excry dir action eonatitataa 10® - 10 10 part- 
ielaa par 1 cm?/sec. 

SUch atraam of alaetrona la eapabla of creating a surface daaaga of about 10® 
raantgana par hour* But tha alaetrona of tha outar radiation zona ara anally absorb- 
ad* and alraady under the protection of 1 g af light aubatanee par 1 e^ of aarfaee 
the radiation doaaga in that zona will eonatituta only tentha af roantgana par hr* 

Xzparimanta, carried out on eoamie rockata, aatabliahad* that tha boundary and 
■ a rt n u n radiation intanaity in tha outar zona change with time* Thia createa addi¬ 
tional diffioultiea in eonaidaring tha affaet of radiation during eoaadc flighta. 
That ia why one of tha important problaaa la positive observation of tha outar zona 
boundary and ita radiation activity* particularly in tha zona af high geaaagnetle 
latitudea* 

Ihrtielea, inelndad in tha eompoaltian of inner zona* preferably protean with 
energy of up ta 10® ax* Obaerxed ara alao alaetrona, tha energy af which doaa not 
azaaad 10® ax* Radiation in tha inner zona ia more rigid than in tha enter* l den- 
age of radiation under protection of 1 g light aubatanee par 1 on? af aurfaee eon* 
atitutea hare about 10 roantgana par bra and daeraaaaa vary alovly with inaranaa 
in protaetlon* 

Protection apinat radiation in that zona requires tha uaa of a grantor nanher 
of aubatanaaa* Lcng laating flighta in tha inner zona without apaaial pretaetian 
ara aonnaetad with eonaidarable radiation hazard. 

In thia way* tha inatablllty of radiation band boundarioa and aeeidnatal iu- 
eranaaa la eaa^a radiation aetlxlty make eoaodo radiation laxal aontrol aad a 
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detailed investigation of the lower boundaries of radiation bends e highly important 

end aetnel task* 

To solra these problem the eesmie ship carried a desimetering apparatus (radio- 
■star). The components of the radiometer include two a** diacharfc and two seintil* 
latiea counters* One of the gas discharge counters is placed under the additional 
absorbent (screen), consisting of brass and iron* The scintillation oounter with 
photcaultiplier and sodium iod-te crystal were placed in one bleok with the gas* 
discharge counters* The second scintillation counter with photomultiplier and cesium 
iodide crystal with a thickness of 2 an were situated on the outside. So that the 
counter should not bo affected by risible light* the cesium iodide crystal was 
eorered with an aluminum foil in thioknsas* 

Oas discharge counters* as well as the scintiNation counter with sodium iod* 
ids crystal yield information about the number of partioles* which passed throng 
theau At the same time the scintillation counters allows to estimate total ionis¬ 
ation* caused by the passing particles* 

The obtained information on the number of passed through particles and total 
ionization* caused by these particles in ths crystals* will yield guantitatire data 
on the lorel (dosage) of cosmic radiation* 

Study of ahartvare radiation is of great seientifie and practical Importance* 

In this zone of the spectrum is concentrated the basic radiation of the solar oorona 
and chrome sphere - rery little imrestigated outer shells of the Sun* 

Thie radiation causes certain important processes* takin pines in the terres¬ 
trial atmosphere* especially the formation of ionos p he r e* 

On beard the cosmic ship were mounted two types of instruments for studying 
shareware radiation of the Sun* 

In the apparatus of first type the receieor of shareware radiation was an 
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open type electronic mltipller with electrodes nd* of activated beryllium bar ouzo. 

In front of the input of the olootronie mltipller (electron anltiplior tuba) wti 
plaoed • disk with • ooloetion of Tarions filtova for tba separation of corresponding 
zones of the shortwave solar radiation spectrum# With tha aid of a relay-scanner 
mechanism tha disk made a snail angle turn each saeoad, shifting a now filter in 
front of tha electron nultlpller tube* The following filters hare boon used 

in the apparatasi 

copper fell 0,15 an thick to separate the zone of the spectrum fron 1*4 to 

3 t i 

beryllium foil 0#06 an thick to separate spectral sons shear tar than 12 & | 
a Ionian foil 0,005 n thick to separata spectral soae fron 8 to 20 % | 
polystyrene layer with thin carbon layer applied on it to separate spectral 
zones fron 44 to 100 % j 

lithian floorido plats 0,5 an thick to separate lines with wsto length of 
1214 1 | 

calcium fluoride plate e#5 an thick, whieh considerably weakens radiation 
with wavelength of 12l4> £ passing through it and allows to ' evaluate the background 
in the rogioa of line I* and at the sans tins nsasore nsre aoeorately the radiation 
intensity of that like » 

«wrts crystal plate 0.5 na thick, to separate radiations with warelength 
of nsre than 1500 1 , 

The last filter was desigsatod nainly for the purpose of calculating the 

change in angle of incidence of radiation an the filter and receiver, connected with 

the rotation of the satellite in noneriented state* The apparatus had six pickups 

their 

sot up at curious points of the cosnic ship so that A fields of vision wore not 
superimposed over eaeh other This offered the possibility of increasing the preb- 
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ability af tolar radiation falling on the pickups at any ariantation of the eoaade 
ship in tpaea. Tha sensitivity of tha pickup* was limited in tha loaf wave some af 
tha spectrum, so as to reduce tha backgroumd from longwave solar radiation* Signals 
from ths pisknps (receiver e) want into a radiotaohniaal cirenit, at tha output of 
whieh was gsnaratad a roltaga , proportional to tha radiation intanaity of tha radia¬ 
tion falling *n tha phetoeathode, Msaeur ament rasulta wara than transmittad te Xarth 
hy a talamataring system, 

Tha outfit in c l n dad a control unit whieh saeurad tha connaetion of tha corraspond- 
iag pickup* mechanism of changing filters and other circuits only at tha time* whan 
they wore illuminated by tha Sun, In addition there wara optleal sensing elements 
to datormina tha radiation angle of incldeaee on the filters, 

Tha apparatus af second type was designated for measuring tha soft x-ray radiation 
intensity of the corona near tha tip of tha spectrum, preferably at tha time of tha 
flmshos.In this apparatus wars used tha most sensitive radiation receivers - photon 
counters for tha given acne of tha spectrum, representing self-fuenehed Geiger e ous¬ 
ters with input windows of beryllium foil, serving as filter. Measurements ware 
earrios out in two speetral senes - 10 - 6 1 and 6 - 3 1. To aaoh of those spaotral 
•ones eerresponded six counters, which war* grouped (bunched) in thro* blooka, aaoh 
on* having two counters placed under right angle relative to each other, for tha 
first and two counter each for tha second son* of tha spaetrum. 

Whan a photon penetrated into the counter and fall in tha gas, filling up tha 
counter, a short electric discharge originated. The obtained currant pulaea wont in¬ 
to a radio black. In the radio black the signal became amplified and want into the 
computing system, consisting of trigger soils. This system computed the number a t 
pulses, having passed daring tha time af expeoure, A corresponding number in tha 
double a amputation system was recorded on an aut ono mo us memory device, which stored 
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•11 recordings for • period of 24 hoar* up to the moment of their transmission to 
Karth orer the telemetering system. Xzpoaure time wsa 180 aee ( vhieh warranted reg» 
iatratiea of x-ray radiation* of the Sttm with sufficient time roaolntion • 

To protect the input windows of the counters aflainst x-ray radiation, origin- 
•ting during the bombardment of these windows (as well as parts of the equipment 
surrounding same ) by fast electrons, existing in the radiation bands of the larth, 
a system of magnets and d •nphrafm has been provided and placed in front of each 
counter. The magnets deflected aside all electrons with energy not exceeding 
15 - 25 thousand ev. To register the background, produced by higher energy eleo • 
trens, on the outer shell was placed an electron scintillation counter* 

Bata obtained with the aid of the described arrangement, data about changes in 
solar activities in the shortwave sons of the spectrum were compared with data of 
ground observations of the , ionosphere, visible by chromospheric flashes and 

other phenomena, connected with the activity of the Sun to reveal correlation 
between the proeeases, taking place in the outer she! Is of the gun and in the 
terrestrial atmosphere. 

Further Launchings nf flhipo-Satellltos in the USSR 
After successful flight of the second Soviet ship-satellite in conferadty with 
the plan af operations eonnestsd with the study of cosmic space the Soviets launched 
three mare cosmic ships lifting same up into orbit of man-made larth satellites* 

The heeie mission of these l smne h i n gs was further development of ship-ootoUlto 
construction and devalepmsnt of its basic systems, securing flight and descent of 
the ship, with the purpose of readying for mu'a eoamic flight. 

Tha l a unchin g of the third Seviet ahip-aatelllte was executed on December 1, 
1940* It weight minus the last stag* of carrier rooket was exactly 4543 kg* Altitude 
or orbital porigse was 187*3 km, altitude of epogee - 245 km, period #f rotatlem - 
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- 88.6 aim* 

To •very out medical-biological iaveetigetiena under venditions of evade 
flight the cabin of the ship held experimental unlade - doge Bshelkn and Mkshke. 
aa veil as other animals, inaeets and plants, Observation sf the amlnels daring 
flight was serried eat vlth the aid sf a radio-television sat op and telemetering 
qrites. The radio tresemitter ■ SIGNAL” Installed on heard ship funetlonsd an a 
frequency of 19.995 ns in telegraph style. 

ireand 1200 hrs Moscow tine an December 2, I960, the ship-satellite continued 
in its orbital journey. 

■y that tine all the tests intended by the program sf testing the eonstraction 
sf the ship and its airbsrns equipment, as veil as the mediae1-biolegieal investiga¬ 
tions. have been fully completed. Additoaal data have been slate Inal on structural 
and functional reliability sf the indlTidual units and systems sf the ship in flight. 

The results sf preeessing the telemetering and TT-inferantieu, obtained from 
the ship-satellite, shewed, tat the dogs, just as during the prevised flight, have 
veil endured the period of orbiting. The basle physiological characterietios.ohsr- 
ae ter is lag the condition of the ezperimntal animals, daring their many hears of stay 
under weightlessness eonditleas were close to ordinary values. The behavior of the 
animals was calm. and their mevomenta - coordinated. 

After obtaining the necessary data a eonmand was Issued for the descent of the 
ship-stellite beek to larth. In view of the fast that the descent took pines along 
a neu-ea Isolated trajectory, the ship-satellite ceased its axis tone e upon entry in¬ 
to the donee layers of the atmosphere. 

launching of the fourth ship-satellite was realised oa March 9. 1961. Its weight 
was exactly 4700 kg. The ship was brought into orbit with a perigee altitude of 
183*5 kn and apogee altitude of 248.8 km. Inclination of orbit to the plane of 
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equator was 64*56* • 

The ship-satellite carried an experimental animal in its cabin - dog Cher nankin 
and other objects ef biological experimentation* 

Tfe* entire board equipment of the ship functioned veil securing the fulfil2jmnt 
of the given flight program. The reparation of the ahip from the last stage of 
carrier-rocket, cut-in of orientation system, connection of automatic devices along 
the descending section were realised exactly at specific time periods. The tem¬ 
perature control system maintained constant temperature in the cabin - within lim¬ 
its of *(l6 - 20)°0, Humidity ef air on the cabin van 37-402, and pressure 760-770 
mm Bg« Chernushka felt normal duxing the entire duration of flight. Immediately 
after reaching orbit her paisa was 120, and respiratien frequency 50 - 60. 

After oosgleting the investigations mentioned in the program the ship was 
brought down on the very same day and landed in a specific region. 

On March 25, 1961 the fifth Soviet ship-satellite was hoisted into erbit.fhe 
weight of the ship was 4695 kg mians the weight of the last stage of the carrier- 
rocket. The orbital parameters wore close to calculated* altitude of perigee 178.1 
km, altitude of apogee 247 km, period of rotation 88,42 rim. 

The ship-atellite carried in its cabin the dog 2vetf echka and other biological 
objects. The entire board equipment of the ahip functioned well during the flight. 
After completing the flight program the ship-satellite upon emmmad from the Barth 
was brought back from orbit and landed at a designated point of the USSR, 

Oaring the launching of sh lps-eatollitos on <%rch 9 nnd 25, 1961, the pilots 
seats wore occupied by manikins. The flights were serried mat in aoccrdanoo with 
the very asms proven, which vat earmarked for the first flight of a ahip with a 
cosmonaut on board, loth flights, which fol l owed strictly asaerdlag to program. 
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girt proof of the high reliability of tho ship aad a1lowed to undertake steps toward 
the realisation of nan's first flight on the ship-satellite •YQSTOP, 

Chapter Til. Nan's first flight into Cosmic Spaee 
On April 12, 1961, the USSR, for the flrt tine in the histery, realise the flight 
of man into eooaie spaee. The eosaie ship ■YOSTOC* with Soviet pllot-eosmoaaut Ta,A, 
Sagarin an board was shot up into orbit of an larth satellite. Weight of ship-satel¬ 
lite less the last stage of earrier-roeket was 4725 kg. Altitude of orbital perigee 
was, aeeerding to definite data, obtained on the baals of processing all the — aoar- 
— eat s, 181 km, altitude of apogee - 327 km, orbital inclination - 64* 57', 

The rookot took off from the BATKOMIt ceanodrsms, situated in the region of 47° 
northern latitude and 65° eastern longitude. The earrier-roeket hod six power plants 
with total output of 20 million hp. 

Having eampleted its orbital flight, the ship-satellite landed safely in the 
reglen of the village anelovka in the Thrnovsk region of Saratov province. 

The first eosaie flight of a Sevier eitisen opened an era for man's direct 
penetration into eosaie spues, and it appears to be a great aehievonetft'in the 
histery of civilisation. Realisation of this flight is the result of a greater planned 
program of operations on the oeagaering of ooaale spaee, being conducted in the USSR, 
Arra n geme n t of eosaie ship YOSTOK 

The eosaie ship YOSTGK has been constructed os the basis of experience, derived 
during the leanshinge of first Soviet shipo-ontsllites. 

The s hl »»satellite consists of two basis partst 

pilot oabin, la whieh the eesnenaut was situated, equipment to provide living 
conditions and landing aysto 1 instrument sootleu, intended for the installation of 
instruments, functioning during orbital flight, and braking power plant of ship. 

After reaching orbit the ship-satellite breaks away from the last stage of 
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carrier-racket. During the flight the equipment oa board the ahipfunetiona in accord¬ 
ance with a spaaifia program, aataring tha measurement of orbital paraaatera. trana- 


adssioa to Berth of telemetering inf or nation and TV-images of tha cosmonaut. two- 
way radio conounieatiea with Sarth* naintaining giYtn tanparatora on beard ship* 
epnditloaing of air in pilot cabin, Tha perfcrnanea of tha equipment waa autoantic 
ally controlled . with tha aid of program devices on board tha ship and If neeeesary 
by tha pilot-eoaaenaut. 

The program of nan* a firat flight eallad far one round trip around tha Barth. 

But tha eoaatmetion and equipment of tha ship-satellite allow to oarry out nueh 
longer flights. 

After ocagiletiag tha flight program, prior to landing, a special system was 
amp 1eyed for orienting the ship in a speeifie direction. Then at a given point in 
tha orbit tha braking power plant of tha ship is cut in. thus decelerating the ship 
to a value set by calculation. As result of this tha ship begins the downward trip 
along a desecrating trajectory (fig.167). 

The cabin with cosmonaut is slowed down in tha atmosph er e. The 

descending trajectory is selected so. that tha overloads during the entry of the 
apperatus into the dense layers of the a tm osphere have not ezeeeded the overloads, 
permissible far humans. After the ships capsule drops to a given altitude the landing 
aye ten is brought into operation. Direct landing of the pilot capsule taHss place 
at a low rate of speed. From the nonent of cutting-in the braking power plant to 
landing the ship covers about 8000 km. The duration of flight aloeg the dose ending 
seetlon is approximately 30 min. 

The outer surfaee of pilot's capsule is coated with a thermal protection layer, 
which protects it a^inst burning up during its movement along the descending 
seetlon in the dense layers of the atmesphere.Tha capsule is provided with three 
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illuminators and two rapidly opening hatches. The illuminators aro equipped 
with heat resistant glass and make it possible for the oosmonaut to oonduot 
observations during the entire duration of the flight. 



toeing. fUghj 9f T Pagg 

A-crbiting sections B- connection of braking power plantj C-deseent sect. 
The coaaonaut occupies an ejection scat in the ship-satellite* and this scat 
appears to be his working place in flight, and if necessary it also serves far 
abandoning ship by the coannaut, The seat is arranged in such a way that the over 
loads during orbiting and descending affect the co smo naut in asst favorable direction 
(ohest-spins). 

During tbs first flight the pilot-eosaoaaut wore a protective suit, securing 
the preservation of his life and aotivitics* even in the case tbs cabin beoeems 
depressurised during flight* 

The ship-satellite carried alsci 

apparatus and equipsnnt necessary for tbs viability of tbs haasn organism (air 
conditioning system, pressure control system, food and water, a system for removing 
discharge produets )| 


226 


6A-/a/ 



flight control apparatus and system for atonal control of ship (pilot's in¬ 
strument panel, instrument panel, manual central bleak ate.)) 
landing systems | 

radio apparatus for larth-cosmonaut communication) 

system for autemomous registration of data on the functioning of instruments* 
radio telemetering systems and -various sensing elements) 

TV-system to observe the cosmonaut from the Perth) 
apparatus recording the functions (physiological) of man) 
braking power plant of ship) 
orientation system apparatus) 
flight control apparatus! 

radio systems for measuring orbital parameters) 
temperature control system) 
electrlo power sources. 

On the cuter surface of the ship were installed control organs, elements of 
orientation system, louvers of tenperature control system and radio antennas. 

The pilot's cabin on board the ship-satellite is more spaoious than the cockpit 
on an aircraft. The outfitting of the cabin is made with consideration of the oper¬ 
ational convenience of the cosmonaut in flight (fig.l68). Situated in his chair* 
the cosmonaut can execute all the necessary operations connected with observation* 
eoamunloatioa with Perth, controlling flight and in the ease of necessity - to 
control the ship. 

In the body of pilot seat are built ini separable bask with belting (tying) 
System for fixing the body of the pilot during eject/ on and descent by parachute) 

parachute system) ejection and pyroteehaical devices) 

emergency (carried along) supply of food* water and equipment, and radio means 
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for eonmnleation and direction finding, which the ci 


rnt eon use when landing! 



air conditioning system for protective euit and paraehute type eaygen unit; 
automatic mechanlmae of the a oat* 



IUil6§afe*£lftl Tjyy gf gggSHHj 9§b|i W b f*f d . 

1- pilot's paneli 2-instrument panel with gloi>e; 3-TT-canerai 4-illuninator with 
optieal orienting point} 5- handle for controlling the orientation of ship) 
6 -radio raoeiTor| 7- containers with food* 

landing of cosmonaut nay take place in the eapsule of the ship. &teh a landing 
method was tested on the fourth and fifth Soviet shipe-eatellites* the cabins of 
which housed experimental aninals* Provided is also a landing variant by ejection 
•f seat with co smon a ut from the cabin at an altitade of about 7 km and subsequent 
paraehnte descent* This variant was also cheeked daring the launchings of ship- 
satellites* 

The air-oonditionlng system* installed on the ship-satellite* maintains in the 
pilot's cabin abnormal pressure* normal eaygen concentration at a carbon dioxide 
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concentration of not nor* than IX, temperature at a lerel of 15-22°C and 
relative humidity within limits of 30-7OX. Regeneration of air composition - absorp¬ 
tion of earboa dioxide and water Taper a with generation of corresponding amount of 
oxygen - is realised by employing highly active ohemioal eonpounds • Dm regenera¬ 
tion proeess is eontrollod automatically. Upon a reduction in the amount of oxygon 
and inereaoe in carbon dioxide eonoontration a special sensing element emits a sig¬ 
nal, upon which an auxiliary apparatus changes the working order of the regenerator* 
It an oxeesssiTo generation of oxygen tbs auxiliary mechanism is brought autasmtieal 
ly into action* thus bringing about a reduction in oxygen delivery into the at¬ 
mosphere of the cabin* Oimidity of air is controlled in the same mannor* 

In case the air becomes contaminated with harmful admixtures (impurities), 
forming as result of lire actieity of the human organism and operation of the equip¬ 
ment, special filters for the purification of same are provided* 

Jfcintainlng the given temperature in the ship during flight is realised by a 
temperature control system* It distinguishing feature is the uee of a liquid cool¬ 
ant for the transfer of hast from the pilot's eabin* the temperature of the coolant 
is held at constant* The cooling agent goes from the temperature control syatca 
into a liquid-air radiator. Delivery of air through the radiator is autosatioally 
eontrollod depending upon the tenperuture of tho topping apparatus* In this way 
tbs glvsn temporeture oondltiou In the eabin le aaintained with greater accuracy* 

To maintain stable tesqperature of tho coolant and provida required temperature 
in tho instrument ssstism* on its outer surface is plaesd s radiation boat 
oaahnngar with louver system, the eoatrol of whioh lo also out cue tie* 

Prior to descending into s given region,the skip-satellite.before connecting 
tbe braking power plant, aust eequire perfectly definite erlantation in spans* This 
problem is solved by the orientation system. In the given flight orientation is 


229 



realised by orienting au the ship's axis in direction of the am* As sensitive 
elements of that system srs s number of optical and gyroscopic sensing elements* 

The signals entering these elements are converted in an electron blecK into cam> 
mends regulating a system of control organs* The orientation system provides auto¬ 
matic spanning of the am* proper tern of the ship and keeping same in required 
position with greater accuracy* 

After the ship is oriented* at a specific moment ef time ia out-in the decel¬ 
erating power plant* Caanaads for connecting the orientation system* decelerating 
power plant and other eyeitesw are emitted by an electron programing do vies. 

To measure orbital parameters of ship-satellite and control the operation of 
its airborne equipment it is provided with a radio measuring and radiotelemeter lag 
apparatus* Measuring the m ove m e n t parameters of shi^and reception of telometrie 
information during its flight ia done by ground stations* situated over the ter¬ 
ritory of the usat * Measurement data are auteantleally transmitted over o writ cation 
lines to computation centers , whore they are processed on electronic oomtetcro* 

As result during the flight are obtained rough date on the basic poroamtor of the 
orbit and further movement of the ship is predicted* 

The ship also carries the radio system SMUL* functioning on a frequency ef 
19*995 Aie ays tom serves for finding the direction of tho ship and transmission 
of segments of tolesmtering information* 

The TV system transmits to Karth pictures of the cosmonaut* which allows to 
keep visual control over his condition* One of the TV cameras transmits frontal 
Images of tho pilot* and the other one - profile* 

fro way cnmnininaW.on between eeemonout and ferth is fhraishsd by a rodim* 
telephone system operating in the shortwave frefaeasy range (9*019 and 20*004 as) 
and ultrashsrt waves (143*425 me)* 
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The ultreshortwere channel ie need for eoanunication with croud point* at 
dlataaeee of up to 1500-2000 km, C coni ni cation over shortware ohannel with croud 
points* eitwated orer the territory of the USSR, ae ahewn by experience, can he 
secured over a larger part of the orbit* 

The radio telephoae ayetu oontaia* a magnetophoae * allowing to record th* 
c oarer eat ion of the cosmonaut in flight with subsequent reproduction and traaaniaaLon 
of same during the flight of the ahip orer ground reeelring point** frorisions are 
also and* for radio telegraph trananieeioa by th* eoanoaaut* 

Th* instrument panel and pilot's desk installed in th* eabia are intended for 
controlling the operation of basic ship system* and to secure* in case of neeeseity* 
descent of ship by using annual control* On the instrument panel is situated a nun* 
her of dial instruments and signal arrangement* electric clock* as well as globe , 
th* rotation *f which is synchronized with the orbital n or — nt of th* ship* The 
globe glues the cesaoaaut the possibility to determine th* current poeitioa of ship • 
On the pilot's desk are situated handles and on-off switches* for controlling the 
operation of th* radio telephone system* controlling th* temperature in th* cabin* 
and for connecting annuel control and decelerating power plant* 

Special attention in the construction of the cosmic ahip was derated ^guar¬ 
anteeing flight safety.The launchings of first Sorict ahips-satellltes confirmed 
th* high reliability of th* performance of their equipment and dories* . But on th* 
YOSTGK ship additional stops wore taken to eliminate th* possibility on any acci¬ 
dents and to guarantee flight safety on it for nan* Such a dore topmost tend—y 
fully meets the basic problem - of creating doricos allowing mu to pentetrate con¬ 
fidently into eoandLo space* 

TO orient th* ship in case of manual control th* consonant uses an optical 
orienting point* allowing to determine th* position of the ship relatir* to th* Xarth* 
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Ths optical orienting device vac mounted on one of pilot eabin illuminators* It 
consists of two annuls* mirror-reflectors, light filter and floss with screen* 

The rajs coming from the line of the horison, fall on the first reflector and then 
through the illuminator glass pass en to the second reflector which directs them 
through the glass with screen into the eye of the cosmonaut* When the ship is pro- 
perly oriented with respect to the vertical the cosmonaut sees in the field of virjh 
an image of the hear is on in form of a circle* 

Through the central part of the illumine ter the cosmonaut watches the section 
of terrestrial surface directly under him* The position of the ship’s longitudinal 
axis relative to the direction of flight is determined by observing the ‘sennas* of 
the terrestrial surfaee in the field of viaion of the orienter * 

Operating the control organs, the cosmonaut may turn the ship in such a way* that 
the line of the horison would be visible in the orienting device in form of a eon- 
centrical ring* and the heading of the terrestrial surface would coincide with the 
heading line of the grid. This will indicate proper orientation of the ship* When 
necessary the field of vision of the orienter can be covered with light filter or 
blind* 

The globe mounted on the instrument panel offers the possibility to determine 
in addition to the current position of the . ship also to predetermine the point 
of its descent during coaaeetlon of the decelerating powor plant at the giwwa moment 
of time* 

Finally* the construction of the ship allows to descent to Barth even in the 
ease the decelerating power plant fails* This is dons by eigen (natural) decoloration 
of seme in the atasvhexe* 

Supplies of food and water* regeneration substances and the vplnme of eleetrie 
power courses are intended for a flight period of 10 days* 


232 


Whan constructing the ship itipi vara taken to prevent a taaparatora riaa in tba 
cabin to above specified Halt whan ita surface la azpaaad to longer heating periods, 
which takaa plaaa at tha tlaa ef gradually decelerating tha ahip la tha atmosphere. 

Medical-biological problems af nan's flight lata eaaale apaaa 

Te aolva tha problem conearming tha possibility of aan flying in eaaale apaaa and 
aadiaal prataation af aaaa VA appear ad to ha abao lately neeesaary^os 

1* to inveetigcte tha effect of coaaia flight factora an the organism, and to 
investigate tha poaaibla ferae and aathod af prataeting agaiaat tha unfavorable af* 
facta of thaaa factora. 

2 . to develop neat effective methods of aaaoriag noraal living conditions far 
tha person in tha oabin of the eoaaie ahip. 

3 . to develop aethoda for aedioal aolaetiea and training af aaaaie ahip orav 
members, and to develop a system of eonataat medical control over tha state of health 
and life activities of cosmonauts during all stages of tha flight, 

individual 

Xaeh one of tha enumerated problems included a greater number of /j problems 
over the study and solution af vhieh specialists in tha field of physiology, hygiene, 
psychology , biology, climioal and professional medicine worked persistently far tha 
past tan years. Investigations have bean eondueted under ground laboratory condi¬ 
tions and during flights af animals on rockets. Great experience, accumulated in 
applied fields af physiology and medicine, especially in aviation msdieine and in 
medical protection in underwater svimniag (frognem), has bean utilised. Wherever 
possible, special ^eund stands have bean constructed, vhieh allowed under laboratory 
conditions which allowed to investigate tha offset on the organima of factors, noting 
in coart c flight. Tha affect ef over lands and organiaaal endurance to anas was invest 
igated on centrifugal machines - centrifuges. They reproduced accelerations .analogous 
to the ones vhieh originate during tha starting ef ships er during their return to 
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Earth, 


Using vitro stands, temperature, vacuum chambers and other aaeh installations 
vaa investigated the iffiet of ether faotora oa the organism . However laboratory 
experiments, aa a rule, could offer aa answer only with reepect to the effect oa the 
orgaalaai of aay oae of the faotora, while in real flight they affect the rocket in 
eoabiaation and simultaneously. furthermore, under lab.eoaiitioaa it was not possible 
to investigate the behavior of living or^nlaas under weightlessness conditions. 
Consequently a substantial step forward toward studying the offset of eosaie flight 
conditions on the organise was the chance of eoaduetiag biological investigations 
on rockets, which began in 1951* 

Severa1 tens of experiments have been node during the flight of anisela on ro¬ 
ckets to altitudes of up to 450 km. Is result of these investigations was obtained 
huge scientific material, characterising reactions of physiological systosw and the 
behavior of aninals (dogs, rabbits, rats and sieo) along various flight sections. 
Thorough examination of experimental animals during flight and for a longer period 
of time after their return to Inrth enabled to draw a conclusion, that conditions 
of flying on rockets into the upper layer of the atmosphere are endured by living 
organisms with perfect and fullest satisfaction. Changes, noticed in individual 
physiological functions during the tins of flight were of no painful nature,oftan 
they disappeared already in the process ef experimentation leaving no aftereffects. 
However, in view of the shortness of rocket flight, it was Inpossible to in¬ 
vestigate the biological effect of such important eosaie flight factors as, long 
lasting weightlessness and eosaie radiation. Therefore, the possibility offered in 
1957 to use man-made Sarth satellites for biological investigations, appears to bo 
an Important step forward. 

The first such experiment was carried out oa the second Soviet non made Sarth 
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satellite. It not only confirmed but broademed the data of previous b \ logical exper¬ 
iments on rockets. It mo poosiblo to prove for tbs first tin* that a longer lasting 
stats of voigktlsssnoM in itsolf doss not disrupt tko knots Tital proossooa. 

Biologieal experiments vors eontiaaod on the first Soriot ship-satellites. In 
tho program of tkoss nsdioal-biologisal investigationa a number of now probles* ms 
included. It appoarad to bo Important, bssidss additional and mors thorough invee- 
tigation of tko offset on ths organism of long lasting weightlessness, transient con¬ 
ditions from weightlessness to otst loads and vies Tsroa, to conduct mors thorough 
investigations on ths biologioal offset of cosmic radiation. An important chapter in 
ths program ms also the study of operational characteristics and sffaetlTonsssos 
of system, which in future flight wore to so sure normal living conditions for humans 
and guarantee their safe return to Xarth. To bring this program into realisation ths 
first Soviet ship-satellites carried various representatives of organic world, 
beginning with simple forms of llvo to higher vertebrates. 

The use in experiments of various kinds of animals and plants allowed for a 
full and detailed investigation of the effect of cosmic flight conditions on the 
most variegated processes and functions of or^niams. Tory broad is the information 
on the behavior and state of physiological functions of experimental dogs during tho 
time of flight. The behavior of animals mo observed with the aid of special TV- 
systems. Analysis of obtained date shewed, that animals not only preserve its via¬ 
bility under conditions of long weightlessness end subsequent effeet of overloads, 
but no ill offsets are revealed in tho state of their baaie physiological functions. 
Thorough examination of animals aftsr flight also rsvoalsd no deviations from normnl* 
Tory serious attention me devoted to tho detection of possible of foot# of 
coonde radiation in flight on tho shlp-setellite. Numerous methods used in solving 
this problem rsvoalsd no changes, which could bo attributed to ionising radiation. 


235 



Results if medieo-biological investi^tions on eoamic ships-satsllites allowed 
to make a highly important and roaponaiblo conclusion. It woa admittad, that flighta 
on shipe-satellltes in an orbit, aitoatad knowingly below the near Barth radiation 
belts, appear to be safe for highly organized representatives of the animal world. 
Results of biological experiments ware used for solving the problem concerning 
man's flight endurance conditions. 

On these bases, as well as on the bases of laboratory test results, was drawn 
a conclusion with Kespeet to man's flying without ill effoots to his health. 

Training of cosmonauts ] 

The first coanic flight could be carried out only by a person, who, realising 
the enormous responsibility of the undertaking confronting him, would willingly and 
freely volunteer to devote all his knowledge and efforts, and possibly also his life, 
in the realization of this outstanding task. Thousands of Soviet citizens - pa¬ 
triots of their country, of various ages and professions, have expressed their 
willlnfuss of flying into cosmic space. The Soviet scientists were confronted with 
the problem, of scientifically choosing the first cosmonauts from among the large 
number of desiring persons. 

In carrying out a cosmic flight the person is exposed to a whole complex of 
outer medium factors ( acceleration, weightlessness ate,), to eonslderabl# nervous 
cmotlonsl strains, requiring of the person mobilization of all its moral and plgrs- 
leal forces. Tha cosmonaut mist be able to maintain s high degree of operational 
activity, he must have a knowledge of orienting hinaelf in a difficult flight 
condition and when necessary take over control of the cosmic ship. All this sat 
high requirements concerning the state of health of the cosmonaut, hie psyehie qual¬ 
ities, level ef hie general and tcebnieal training, 

Tha as qualities are meat fully combined in the profession of s pilot. 
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The activity of a pilot determines already the stability of the nervous-emotioaa1 
sphere of the person, its good volitional qualities, and this is of special importance 
for first cosmic flights. Next the category of persons, participating in saoh flights, 
should be unconditionally and ean be broadened considerably. 

When setting up a group of aoanonauts interviews were held with a greater num¬ 
ber of fliers expressing the desire to carry out the cosmic flight. The best ones 
prepared of these underwent thorough clinical and psychological examinations. The 
purpose of such an examination west to determine the condition of health, to reveal 
hidden deficiencies or reduoed organismal stability to Individual factora, charac¬ 
teristic of the far the casing flight, to evaluate the reaotien of the person during 
the effect of these factors, 

Sxaminations were made with the use of numerous modern biochemical, physiological 
electrophysiologleal and psychological methods and special functional testa, allowing 
to estimate the reserve possibilities of basic physiological systems of the erganim 
(investigation in the barometric chamber et considerable degrees of sir rarefaction, 
at barometric pressure drops and breathing saygen et higher pressure, investigation 
on the centrifuge etc,). 

An important pfaaaa was payehologleal examination, which wna directed for the 
exposure ef persona, having finest memory, alertness, active easily changing atten- 
tien, oapabla of rapidly developing accurate coordination movements. 

As result of the cl ini cal-physio logical examinations was formed a group, which 
began oarrying out the proven of spocial training, training an special stands and 
trainers, imitating under ground and flight coaditioas the factors of eoemic flight. 
Simultaneously ware determined the individual raactio characteristics of the nrynlam 
to the offset ef imitated factors. 

The special training program was intended so that the comaooaute would acquire 


237 



t 


uowh ry data on basic theoretical problems connected with problems of the forth 
coming flight, mil «• practical habits in the sn of the equipment end devices 
in the eabin of the cosmic ship* Thie program ealled for studying the boeee of 
rocket end cosmic technology, conetruetion of cosmic ship, speeial astronomical 
problem, problem of geophysica, foundationa of coemic medicine. 

The program of special training and teating includedi 



flights on aircraft under weightlessness conditional training in a nodal eabin of 
a cosmic ship and on a speeial trainer) longer stay in a specially equipped sound 
■roof obanberi training an a centrifuge) parachute jum from aircraft 

String the execution of special training tasks wars also soloed esrtain prob¬ 
lem of eocaring the condition far nan's cosmic flight, particularly such problem 
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connected with feeding the cosmonaut in flight, hie clothing, with eir regeneration 
system, 

Daring flight# on aircraft were investigated the individual reactions of cease- 
nauts daring the effects of weightlessness and transition from weightlessness to 
overleads. Investigated was the possibility of carryingon radio ecamunioatioa, recei¬ 
ving water and food and so on. This made it possible to reply to numerous important 
questions on the possible actions of nan under cosmic flight conditions. 

It was established, that all selected cosmonauts fare well in the state of 
weightlessness, furthermore, it was established, that under weightlessness conditions 
lasting 40 seconds, it is possible to receive liquid, semi-liquid and solid food, 
execution ef snail coordinated acta ( writing, purposefull movements of hand), 
carrying on radio eoasunieation, reading and visual orientation in space as well). 
Training in a make believe cosmic ship cabin and on special trainer were carried 
out for the purpose ef studying the equipment and evices of the cabin, development 
of variants of flight mission, adaptation to being in a real cabin of a cosmic ship, 
for this was created a special stand-trainer which with the aid ef electron-modulating 
devices allowed to reproduce on the instruments the real changes, corresponding to 
such in flight. The actions of the pilot also corresponded to real ones, Provisions 
were made for imitating unusual (emergency) flight variants and to train the cosaw 
aaut at similar situations. 

The main problem ef investigations during longer stay in a specially equipped 
sound proof chamber was to determine the nervous-psychic stability of the cosmonaut 
during his longer stay in isolated space of limited volume, all by himself, at a 
considerable reduction of outer stimuli. Conditions of dey and feeding conditions 
have been reproduced, eleee to the ones, which will take place in real flight. 
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A larger scope of physiological investigations, and special psyche-physiologi- 
eal astheds enabled to rsrssl persons with higher precision qualities, accuracy la 


1 
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executing Missions, possessing a acre sta ble nervoua-saotioasi sph ere, 



When training on the centrifuges, la thoraal chanters, was deteralaed the 
lndiTldual endurance of the cosaoaaut to eorrespeadlag effects, their offset an 
the process of iasle physiolegieal functions was investigated, probleas of iaerenslag 
the resistance of the organlsa to factors created by outer aodiua hare been solved. 

It was established on the basis of results, that cosaonauts hare excellent stability 
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apdee.t the effects of above mentioned fee tore, persons were revealed, which witk 
stood the testa better than others. 

In the paraehate training process each cosmonaut executed several tens of Jungs. 

Physical training of the cosmonaut croup consisted of planned occupations 
and carle naming exercises. Planned occupations were carried out with consideration 
of individual cKaracteristies of physical developnent of each cosmonaut* 
larly naming exercises wore conducted daily for one hour and its purpose was general 
physical training. Physic©cultural exerolse were intended for the purpose of raising 
the stanlna of the organism to the effects of accelerations, developnent and improve 
sent of habits of freely nastering the body in space, raising the ability of enduring 
long lasting physical stresses. 

Physical training was executed under constant surveillance of a doctor (MD) who 
selected especially fitting gym exercises, genes, jumping into the water, swimalng 
and physical exorcises on special installations. 

After completing the special training program was organized direct training 
far the forthcoming cosmic flight. This training included s 

study of flight missions, study of maps of landing region, piloting instructions, 
carrying on riadio consunieatiom etc | 

studying emergency supply, utilisation of sane at point after landing, study 
of direction finding systen etc| 

centrifuge testing in protective clothing at naTlm values of antieipatsd 
overloads) 

long lasting testing in a make believe oenuie ship using all the systeas prev¬ 
ising tbs conditions far active life. 

As result of the scientific-training operations was selected a group of coons* 
aauts, ready for flight into cosmic space. 
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To bning ms's first cosmic flight into realization fr«a tha gftoup of cosmonauts 
was soloetod pilot Major Turly Alekseysvioh Qagarin* 

The roMarhablo Soviet citizen Tu.A.Qagaria, was born on March 9, 1934 in tho 
hoaohold of a collective farnworker • His long dream was to beecmo a flier. Haring 
finished in 1957 the Orenburg Aviation School, he graduated as military fighter pi¬ 
lot specialist* Tu*A.Qagarin served in one of the Armed forces Components of the USSR 
Upon his insisten appeal ho was included in the group of coasMaaut candidates and 
successfully passed the selection* When the cosmonaut group was in training Yu*A* 
Qagarin was one of the best. 

The great confidence in being the first in the world pilot-cosmonaut was fully 
justified by the capabilities of TUrly Alekseyevich Qagarin* 
first Cosmic Flight 

The blast off of the ooandc ship TOflTOK took place on April 12, 1941 at 9 bra 
7 min* Moscow tine* 

During the entire time of orbiting pilot-cosmonaut Yu.A, Qagarin Maintained sen- 

ground 

tihsus radio telephone eomanleation with the A flight vectoring center. He 
transmitted precise data on the changes in overloads at the moments the stages 
separated themselves from the carrier rocket. The noise in the oabin of the ship 
was not greater than in a cockpit of a jet aircraft* Already at the tins of orbiting 
Tu.A*Qagarin observed the Sarth in the illuninaters * 

Operation of board equipment during flight in orbit, orientation and descent 
of ship were controlled automatically* fiowovor, in ease of necessity, the oosmsnaut 
upon his own desire or upon eoMunt from Xarth could take ship control into his out) 
hands, determine its position and descant into selected region* 

Weightlessness eaae Unsdlately after the ship earns into orbit* At first this 
condition felt like something unusual for the cosmonaut, but soon he became used 


242 



to It and did not Bind it. 

In conformity with the mission and flight program ha watched the operation of 
ships equipment, he was in constant telephone and telegraph radio eonnunioatiom with 
the Xarth, did his observations in the illuminators and in the optical orienter, 
reported to larth and dotted dawn observation date into the leg hook on beard the 
ship and on a magnetic tape, took food and water. 

The pressure in the eabin of the ship during flight ws maintained at 750*770 
am hg, air temperature at 19-£2°C, relative humidity 62-71*. 

The surface of the Xarth was well aurve/d from an altitude of up to 300 km. 

Tory well visible were the shore lines, larger rivers, contour of the Xarth's sur¬ 
face, forests, clouds and shadows from the clouds. When flying over the territory 
of our country Yu,A,Gagarin observes the larger stretches of collective fame. 

The sky - absolutely black. The stars on it looked mtch brighter and were more 
clearly visible, -than from the larth. The Xarth has a very beautiful bluish halo. 
Colors on the horizon change from so/t blue, through blue, gray, violet - to blaek 
color of the sky. When coming out from the shadow at the horizon of the Xarth one 
could observe a bright orange color, which then changed into all the colors of a 
rainbow. 

At 9 bra, 51 ■&** the automatic orientation system ofi the ship was cut in. 

After caning cut from the shadow sc* filing function was carried out and the ship was 
oriented toward the Sun. 

At 9 bra, 52 min cosmonaut TUJl.^agagrin flew over the action of Cape Bern, 
reported about his goad state of health and normal functioning of the equipment cm 
beard the ship. 

At 10 hrs, 15 min from the automatic pregraandag installation went cut camends 
for readying the board equipment for connection of the deeelernting power plant. 
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A* that Bomt the ship approached Africa and trm lh.A,Qagarin arrlrsd a »m|« 
about ths preesss of the flight. 

At 10 hrs. 25 ala. ths decelerating power plant was eonnected and the ship ehanged 
Into orbit of an Xarth satellite following a descending trajectory. 

At 10 brs, 35 sin the ship began entering the dense layers of the ataesphere. 
Haring completed the first in thr world eoanie flight with a eoenonaut on board, 
the ship-satellite T09TGK landed at a giren region at 10 hrs. 55 bU.Mososw tiw. 



Tig.l7i, TjrU.QagsTVin reports over the tslsphew to e car ads 
M.fUhrusheher about his safe landing, 
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71m veil being of Yu.A. Gagarin during all the stages of flight we satisfactory 
Hi maintained complete n gni u ll m entU t yr freedom ef operation. 

Highly iatereetlag are the data* oharaeterisiag the change in the coaditioa ef 
the eardio-vascular and respiratory system of the cesasnaut. Oaring the pre-blast 
off period Th.A. Gagarin's poise frequency was 66 bests per Minute, and the respiration 
freqasaey - 24* At the orbiting section the pulse frequency rose to 140-15&* and 
respiration frequency was 20-26. when weightlessness earn the .oardio-vaseular and 
respiratory system indices gradually earn down to the initial values. At the tenth 
minute ef wsightlessmess pulse frequency was 97, respiration - 22* 

Oaring the descent under the effect of overloads short periods of respiratory 
increases have been noticed. However when approaching Iferth respiration beeasm calm 
with a freqasaey of about 16 per min. Three hours after the landing the pulse fre¬ 
quency was 68, respiration - 20 per min. which corresponds with the normal condition 
of lh.A.Qagerla. 

After returning from cosmic flighten.A.Gagarin feels ft*ns . There ore no dis¬ 
orders in the state of his health. 

The first in the history of bunanity flight into eosnic spaee, carried out by 
Soviet c osmona ut Tu.A.aagurin on beard the ship-satellite T03TQK. allowed to make 
a conclusion of enormous scientific importance about the practical possibility of 
man's flight into eoomse. Ho has shown, that a person eon normally endure condi¬ 
tions ef comic flight, conditions of orbiting and return to the surface of the 
Barth. This flight has proven that under conditions ef weightlessness a person can 
fully retain freedom of operation, motional coordination, clearness of thought. 

The flight furnished extremely valuable data on the performance of the const¬ 
ruction and equipment of the ecomic ship in flight. Tull confirmation has been 
furnished of the scientific and technical solutions, on which that construction 
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IMS kMd, Approval was given to the reliability of the earriar-roekst end structural 
perfeetiaa of the ahip-setelllte. 

ConslasIon 

The ereetlom of aan-aad* satellites* launchings of eoeale rookete toward the 
Keen aad Teams* flights of first eoeale ships vith return to larth* rel/«,zatioa of 
the flrat in the histsry of eoeale flight sen*a flight here heralded the advent of 
an ore when interplanetary apaee will be aastcred* 

Only three years have passed froa the tiae when the first eon Made eeleatial 
body was ante - the first Soviet aan-aade larth aatellite eaae into being. Daring 
this relatively short period of tiae we have witnessed a whole aeriea of grandiose 
solentifle aad toehnloal achloToaaats, which only recently appeared to he a far off 

In ear tins soienea and technology are asking annually greater aad greater 
strides* The technology of ooaale flights is developing eztreaely intensively* 

The flight of Soviet eosaie ship TOSTCK carrying on board the flrat eoaaeaaut 
■ajar Sparing Ib*A* appears to be an unyreeedented victory of aen over the fcrees 
of netare* e decisive step in ann's penetration into the co sa e e * 

Cosale devices of varioas types will find broadar aad broader application 
in solving verloos scientific end preetieel prehlena* 

The tiae has ease for practical realisation ef the hitherto fantastic projects 
• the tins for tho creation of oxtratorrostrlal scientific stations* eosaie jouraoye 
of aan to tho Noon* ifcra, loans sad ether planets of tho solar system, aad than oven 
bayeod their Halts* 

Solution of theoo graadlooo pvobloas requires easraous colleotiva oreaticaal 
ferses* further dsvslopsMnt of aany fields of thserotic aad SBpariasatal aalaaaa* 

■any farsashes of technology* 
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The Soviet Union tea firaly taken the lead in the realisation of eoanie flight#. 
Rapid developneat of seienee and technology in oar country and the creative 
enthaaiana of oar people, guided by the Po—inlet Forty, are o reliable guarantee. 
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Appendix 1, 

Baeie dependencies of notion in the dentral field of gravitatiea* 

Integration of equationa of nation of the notarial point in eentral field of grev* 
itatien 

Squatioaa of notion have the fern of (see chapter l)t 

}(> , + rV)-y-y , ?-,7 (D 

V.cost,. (2) 


According to the aeoond equation 


toity ■ 


inted in form of 
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and eonaequeatly dr V, oo, e, 


• 4f df if ce -($*) \ 
dr K^eoit, 


Having aabotituted (3) and U) in equation (1), we will obtain* 

* * a* »’!'{"*♦. 1» 

dm r* I * r » ^ f 
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for the ooiTfsiMM of integration we will introduce a constant value V^chT 0 
under the ilga of the differential la tho numerates, oad vo will also odd and eoo- 
pvt# tho value fj m in tho radleent. 

la result wo will obtain* \ 

Integration of this fornula leads to equation of the orbit* 


[/*• % + *^r*w 


where(y - integration constant >1090018 upon the beginning of calculating ariglesy, 

Kquation of orbit (6) can be presentel in fora* of * 

K-rJo^C. 

or introducing designations 


VjrJoWO, 
9 -*- 


ir y % % + Kj fJeo- .c/ 


(8) 

(») 


I + «e<w(f-*)- 


Determining Beriod of Rotation over Xlllptical Orbit 
The sectorial velocity of tho notorial point, mcrrlng ever an olliptleal orbit 
U the central field of gravitation, is constant and eqnals~2~ T 0 r 0 cos«^ (see chap¬ 
ter 1), and the area enoonpassed bjr the clllytleal orbit (area of the olllpoo), is 
^ ah, where a and h - larger and analler sandarls of tho ellipoo respectively. 
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Consequently,the period of rototion (round trip) (tine of full rotation of the 
point in erbit) will bo equal t 


Tor the ellipse we hare 


and consequently 


Bering substituted in (11) the value b fran (12) and p frost (8) we will obtain 
after ele m e n tary transforms a forwi la , deter mining the period of rotation! 
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